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PEEFACE. 


The object of tbc present book is to enable the 
working engineer to instruct himself in an important 
branch of his business. Although e«^pecially designed 
for this purpose, the latter part will be found useful 
general student ; while it is hoped that to the 
master, who is already familiar with the subject, it 
may be found convenient us a book of reference. 

Enheld Road Nortu, 

London, Jwu^ 18 S 0 . 
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ENGINEEEING DRAWING. 


CHAPTER 1. 

DRAWING OPFIOE AND FURNISniNGS.'* 

It is essential that a room for drawing in should be free 
from damp ; and, in selecting an apartment, it should bo as 
high in the building as possible, t as it is not only more 
to be dry, but there would be loss probability of the 
light being obstructed. A western aspect is the most suitable. 

Window Blinds , — ^Venetian or calico blinds are necessary, 
as, on a clear day, the light should bo slightly subdued. 

Drawing Table , — The height of the table should bo at back 
about 8 feet 8 inches, and at front (which should bo rounded 
over on the top edge) 8 feet 6 inches, on a breadth of 
2 feet 6 inches. The back of the table should be close, and 
parallel to, the window. Trestles may bo used, and they 
should be so made as to shift to any height required. J 

♦ Although most persons have to accommodate themselves largely 
to circumstances, it i a desirable to state what are the requisites of a 
room best suited fa Aiiawing in, so that they may, as far as possible 
be obtained. 

t Except next a skylight, light through which, overhead, is un- 
suitable. 

I Common trestles cost about 15s. per pair, shifting ditto, 25s. The 
prices here given are the ordinary shop prices, though in these and 
some other aJticles which follow, the intelligent workman may effect 
n saving by making his own. 
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MATER lAT.S. 


Gas Fittmijs , — The vertical distance of the ligh j from the 
drawing table should he about 2 feet, and the tube — in one 
or more joints — so arranged as to admit of the light being 
moved horizontally, or raised or lowered to any suitable 
position. The socket for the burner should be inclined out- 
wards at an angle of 45® from the vertical, so that, when the 
burner is in its place, and the gas lit, it would throw the 
light down upon the paper.* 

Sundries . — A drawing-oiliee, or a room adjoining it, should 
also contain the following : — A duster, a wash-hand basin, 
soap,! towel, and a supply of water. 


CHAPTER IL 
MAU'KHIALS. 

I)RAWI^G BOARDS. 

The first requisite for the mechanical draughtsman 
dra^^ing boaid of suitable dimensions. The two most useful 
sizes arc those for whole and half-sheets of double elephant 
drawing paper. The board should be fully half an inch each 
ay larger than the paper, as the latter would not adhere 
properly ^^here the gum or glue is applied unless the edge is 
within the board. 

Drawing boards are generally made either of mahogany or 
of fir. The latter is commonly used, on account of its being 
the cheapest ; but the best drawing boards arc made from 
old mahogany tables or shop counters, such wood having 
become well seasoned, and therefore less liable to warp. 
The French polish is planed off, so as to prevent staining 
the paper. 

♦ Under the most favoarablo circumstances it is more difficult to 
draw or colour by artificial than by daylight. 

t It being quite essential to have the hands clean. The basin is also 
more convenient than an ordintiry tumbler for the use of the sponge 
as well as for washing out i)<dcttes. 
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A seciinn of a form of board more in fsivour in former 
times than now is shown in Fig. 1. This form is good in so 
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Fig 1. 

far as it saves the trouble of gumming down the paper at the 
edge, but is expensive. 

In the above sections ah represents the paper, which, 
when damped, is placed on the lower board c ; the frame f/, 
which fits closely all round the edge of the lower board, is 
then squeezed down over the paper as shown at /, and 
secured by tho fastenings e e. 

price of a board of this description for a whole shoot 
of double elephant would bo — - 

Of mahogany • . 8 ft. C in. X 2ft. Gin. x ^ in. 25.9. 

,, half-shoot 2 G x 1 8 X 11 15s. 

,, smaller size 1 10 x 1 0 x J 7s, 

Of fir, whole shoot size 129. 

„ half-sheet size , 8s. Gd, 

Tho prico of an ordinary well-soasonod plain card for a 
whole shoot of double elephant would be — 

Of mahogany 189. 

,, half- shoot size IGs*. 

Of fir, whole size 7s. 

,, half ,, 4s. Gd. 

Ordinary drawing boards arc made in a variety of 
ways to prevent warping, of which tho following are speci- 
mens 
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DRAWING BOARDS. 


Fig. 2 represents a common method of finishing the ends 
of mahogany boards, the corners being mitred and tonguod. 



ri«. 2. Fig. 3. 


In Fig. 8 the end piece is put on with a tongue, as at a, 
worLcd out of the solid wood, or with a feather or tqngili* 
let in as at h. 

In Fig. 4 the end piece is mortised on. 



Fig 4. Fig. 5. 

In Fig. 5 a strip of oak is fitted into a groove. This plan 
is very good for small fir boards. 
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When those of Figs. 8 and 4 are of fir, however well 
seasoned, they are apt to contract 
a little with heat, and the extremi- 
ties of the end pieces are certain 
to project, and, if not planed off, 
cause the lines by a T-square to 
bo untrue, as shown at Fig. 6. 

Fii’ boards are more easily acted 
on by the weather than those of 
mahogany. 

If no cross ends are put on, two bars across the back, as 
at Fig. 7, would prevent the board bending. In this case 
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Fig. 7. 
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only one side of the board can bo used ; a disadvantage, as 
^ is -sometimes convenient to have a sheet of paper on each 
side at the same time (the one j. 
not in immediate use being 
covered over to prevent its 
being soiled). These bars are 
more applicable to small-sized 
boards. A largo-sized fir board 
is better without cross ends, 
but having cross bars to pre- [ 
vent its warping, in which case 
some provision is necessary to 
allow it to expand and contract , 
by the weather wjF'^ut damag- ' 
ing the board. The best of 
these are made with a series of 
grooves in the back about 2 
inches apart, iJth of an inch 


Fig. 9. 


wide, and cut half-way through the thickness, as shown at 




SQUARES. 


(ly Figs. 8 and 9. The bars h at each end of the board on tho 
back, Fig. 8, being secured by a screw nail /, passing through 
tho bar and nearly through tho 
board, in tho centre of it; the 
wood being allowed to expand or 
contract on each side by other 
screws sliding in little brass slots 
as at c, Fig. 8, of which Fig. 10 
is a full-sized view, and Fig. 11 
the corresponding section. A nar- 
row strip of hard wood, generally 
ebony, is inserted along ono sido 
Fig. 10. Fig II. and ono end of the board, a littlo 

from the edge, as at de, Fig. 9, to allow the square to tlldo 
more easily. This is the most approved modern fir board, 
and when of a size for a whole sheet of double elephant paper 
costs about 12s. G</., and for half-sheet size about 8s. It is 
almost needless to add that all drawing boards should hav( 
^ tho sides and ends perfectly square to 'Sac! 
other. A good test of this is obtained by 
measuring across tho board by the cajoe 
b and corner method, in the direction of tho 
dotted lines, (Fig. 12). When correct, tho 
length a 6 is equal to tho length c d. 


CHAPTER m. 

SQUARES. ' • 

Drawing, or T-squares, so called from their resemblance in 
shape to that letter, are of various sorts. They are geno- 

♦ Its only disadvantage is that it is impossible, as in the previous 
example given, to have a sheet of paper on both sides. 
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rally made of mahogany, pear tree, or ebony. The common 
sort is that represented in Fig. 18. It 
has an immovable stock a, and a blade 
h, mortised into it. The blade should 
bo as long as the longest side of the 
drawing board. If for a whole sheet 
of double elephant, the length should bo 
3 feet 6 inches, the breadth 2^ inches, 
and the thickness aV of inch. The 
stock should be 1 foot long, 2^ inches 
broad, and H inch thick. 

Eiff. 13. 

The price of such square of mahogany would be 3.s*. 6r7. 

)) pear tree ,, 4.9. 6t/. 

A smaller size for half- sheet double elephant will, for most 
purposes, be found more convenient. The size should bo : 
blade 2 feet 0 inches long, breadth 2 inches, thickness aV 
inch ; and the stock 10 inches long, breadth 2 inches, and 
the thickness J inch. 

The price of such square of mahogany would bo 2s. 

,, ,, pear tree „ 3s. Gr/. 

Squares having the stock projecting only on one side^ 

Fig. 14, arc suitable for working on a fixed straight-edge, as. 




riff. 14. 



Fig. 15. 


in making large illustrative drawings for lectures on paper 
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SQUARES. 


fixed on n -wall, the blade of the square lies close to the 
paper, a necessity for drawing a straight lino correctly. 

A square having a movable stock, shown at a. Fig. 15, is 
nsoful for drawing a scries of linos at an angle to the side 
of the board and parallel to each other. 


The price, fitted with screw pin and nut, of the 

larger size, in mahogany, would be about . 5s, Gd. 


Ditto, pear tree 7s, 

Ditto, ebony ll.s. 6d. 

Smaller size, in mahogany 4s. 

„ pear tree 5s. 


They arc frequently made wdth a tongue projecting from 

^ the stock, as at Fig. 16, which keeps 

I the blade more flat to the board. It is 

1 generally of ebony, let into the stock. 

This kind is a little more expensive 
than those already described. 

— J Others have the blade broader to- 
j wards the stock, as in Fig. 17. This 

1 shape admits of the blade being kept 

' ^ steadier to the board, but only one side 

[ r|T ‘~ of it can be used for drawing lines 

Fig:. iG. square to the board, whereas, if an 

accident should occur to one edge of a parallel blade, the 
other edge can bo made use of. 





Kg. 17. 



DRAWING INSTRUMENTS, MOULDS, ETC. 


9 


Blades, such as in Fig. 17, are simply put on above the 
stock, without either dovetails or mortises, the additional 
breadth affording ample room for a sufficient number of 
screw nails to render it secure. This square also allows the 
little set squares to be used beyond the edge of the drawing 
board if necessary. 

The price of such square, if of pear tree (ebony 

edged), with 3 feet 6 inches blade, is about . 7s, Gd, 

And of a 2 feet 6 inches blade 5s, Gd. 


Fiff. IS. 


It is much better to have the edge of the blade as shown 
at rif Fig. 18, than to have it bevelled, as 
they frequently are, as shown at h, as, 
in the latter case, in making dotted lines 
the pen is apt to get overlifted. 

Every square should have a J inch 
hole near the outer end of the blade to hang it up by, being 
the best way to preserve a T-square in its integrity. 

, A square is usually tested by first drawing a lino with it 
on any plane surface having a straight side against which to 
bear the stock of square during the operation, and then 
turning it upside down and observing if the same edge of 
blade still coincides with the line, the stock bearing as be- 
fore. If it has a shifting stock, care must be taken that the 
shifting edge is screwed up firmly, flush with the fixed part. 

Pear-tree squares are preferable to those of mahogany, 
being less liable to warp, the material being thin, though 
mahogany has always a cleaner appearance than those of 
the lighter woods when frequently used. 


CHAPTEB IV. 

DRAWING INSTRUMENTS, MOULDS, ETC. 

It is a common error to suppose that any sort of instruments 
will suit a beginner. On the contrary ho ought, in fairness 

b3 
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PRAWING INSTRUMENTS, MOULDS, ETC. 


to himself, to have the very best he can procure. Instru- 
ments of the proper quality can be purchased separately ; or 
very good second-hand sets, containing most of the necessary 
instruments, can bo had for 30.9. A new set in a box con- 
taining everything for ordinary use costs from £3 10s. to £1. 
First-class boxes of instruments frequently have duplicates 
of many of those contained in an ordinary set, with scales, 
moulds for curves, sets of colours, palettes, beam compasses, 
having pencil and ink feet for sliding on a straight edge for 
drawing large circles, or round telescopic metal bar for the 
same purpose (the price of a single instrument of the latter 
description, plain, with 3 feet metal tube, ranges from £1 5.9, 
to £2 10s.), such sets run up in price to X'15, or even more. 
When such boxes cannot be afiorded, a set for ordinaiy 
engineering drawing must at least contain the following in- 
struments. Compasses, pencil and ink legs with lengthening 
bar, pencil and ink bows, drawing pen, file and knife, little 
screw keys, parallel rulers, drawing pins, and scales. 

Co)npa8scs, &c. — The most useful being those having 
jointed legs, one being removable, and with pencil and ink 
legs to fit in for drawing ordinary sized circles, and with 
a lengthening h.ir for large circles. The price of which set, 
if of brass, including file with knife end, is about 139. dd,, 
of eloctrum IB.s. to 215. 

Ptnicil and Ink Compasses (or bows) for the smaller circles, 
having a joint in each leg, so that in drawing a circle the 
lower parts may be as vertical as possible (for reasons ex- 
plained in Chapter X.). Price of each instrument, plain, of 
brass, 2.9. G^/. to 35., if of electrum, 4.9. and 5.9. Some bows 
are fitted with a needle point projecting from a small shoulder 
or flat point, these when used on a mahogf'ny board never 
make a hole in the paper larger than a needle would, even 
when inserted up to the shoulder : but with a fir board, in 
drawing many circles from the same centre, shoulder and all 
are apt to work in and do that which the needle point was 
intended to avoid. 
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Drawing Pen^ which if purchased separately (and it is the 
instrument of all others that requires replacing), cannot give 
satisfactory results under a price of 2^. 6<i., those having 
the lower part of the holder of a square form, to show the 
direction of the points, being preferable. As this instrument 
is more used than any of the others, it frequently requires 
touching up at the points. The ink foot of compasses, and 
the ink bows, also require touching up occasionally,* and 
consequenily the half of ink legs should have a joint, so that 
when entirely unscrewed it can be lifted up and permit at- 
tention to the points, as well as allow of cleaning out any 
dry ink. The best thing for cleaning out such instruments 
is a common steel writing pen, with the one half broken off 
at the split. When a drawing pen or other ink points get 
blunt they ought to bo sharpened up on a piece of common 
school slato with water, oil preventing the ink flowing freely. 

Most drawing pens unscrew in the centre, having a pricker 
fitted in the upper part or handle ; this is necessary occa- 
sionally for copying irregular figures to be made of the same 
size as the copy, by pricking the lines of the copy through 
to the new sheet below it. If not so fitted in drawing pen 
they are to bo had separately, price 2.s. It is a common 
practice for the same purpose to put a fine needle into the 
uncut end of a pencil. 

File with Knife fitted at one end ; the former pari is useful 
for touching up an instrument, and for putting a line point 
on the pencil, and the latter for pointing pencils, or for cut- 
ting off a finished drawing. 

Screw Keys . — There ought always to be a little screw key 
or keys furnished along with compasses and bows to tighten 
or slacken them when found necessary. They should 
neither shut nbr^pen too easily. 

Parallel Itiders , — The common sort formed of two parallel 
parts is better than the single bar with a roller at each end, 

♦ Instrument makers charge about Zd. for setting-up a pen or ink 
points. 
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winch indeed for practical engineering drawings is seldom 
used. In choosing the former it should be specially noticed 
that they have no loose play, or they would bo quite useless. 
The ordinary length is 6 inches, and price in ebony, 2d, per 
linear inch. 

Drawing Pins . — A dozen or two of brass-headed drawing 
pins are always necessary for fastening down a sheet of 
either drawing or tracing paper when not to be coloured 
upon ; good ones are to be had at 4d. per dozen. 

Scales of feet with twelfths (or inches) are seldom to bo 
had of useful lengths in boxes containing the other instru- 
ments. It is better to purchase them separately. Sec next 
chapter. 

When a great many circles are required to be drawn from 
the same centre, such centre in the paper is apt to get 
enlarged into a hole under the best conditions ; to obviate 
which, little round discs of horn about fths of an inch 
diameter, with throe fine projecting points, are to be had, 
one of which when placed above where the centre is to be, 
completely preserves the paper ; cost about 4d. each. 

A half circular piece of hornormetal about4inches diameter, 
called a protractor, having degrees marked on the circum- 
ference, is useful for measuring angles, and can bo either 
had in a sot or separately (further reference to this instru- 
ment is made in Chapter XI.), price, 4| inches diameter, of 
horn Gd., ivory 2s. Gd., brass 4s., electrum 7s. 

Proportional compasses arc seldom sold with an ordinary 
set of instruments; they are so constructed with double 
ends as to save much time and labour in reducing or en- 
larging a drawing from a copy, as in taking a measurement 
with one pair of legs the proper alteration in size is given 
by the other pair, whereas with ordinal compasses the 
method of trial and error is required. Those made with a 
shifting centre for various proportions, cost, if of 6 inch, 
brass, from Gs, to 13s., plain, if of electrum, 9 inch, J02 15s. 
Wholes and halves, or bisecting compasses having a fi^ed 
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centre, are exceedingly useful for making a drawing from a 
copy either half or double the size. Price in electrum, 205. 

Besides the above-mentioned there are many other instru- 
ments for engineering drawing which may be referred to 
here. They are generally to be had of the same maker. 

A bordering pen, having a tongue fitted between the ordi- 
nary points, is useful for drawing thick linos at one operation. 
Price 05. to 65. 

Some instrument boxes contain a double drawing pen, 
each ink end complete in itself, and so jointed that two 
lines can be drawn of any moderate width apart at one oi)c- 
ration. This instrument is more used, however, by civil than 
by practical engineers, being employed for detailed railway 
plans, curves in railway lines, &c. Its price varies between 
45. Qd. and 75. 

Spring dividers are useful for dividing the teeth of wheels, 
or for dividing into any number of equal parts, as scales of 
feet, inches, (fee. Ink bows are sometimes made in the same 
way, opening of themselves when the nut of the leg is un- 
screwed, but as they are never made with a joint in the legs 
they are not so good, for the reasons given in Chapter X. 
Price of dividers, pencil, and ink, 65. Qd, to 75. GJ. per set 
of three, electrum IO5. ; each set in a case. The same of 
electrum, with needle points, 24s., extra quality, 275. 

Some boxes contain a little instrument called a wheel pen 
for dotting-in lines or circles, being made to fit into the 
compasses for the latter process. It is similar to a spur 
fitted between ink ends and revolving as it is drawn along, 
the ink being supplied at the back of the wheel. It is 
seldom used for practical engineering drawings, as it makes 
much coarser do+^ than draughtsmen generally like. Price, 
single, with sets of wheels, having dots of diflerent patterns, 
G5. Gti. to 85. GiZ. 

Note. — Before laying aside the drawing pen and ink leg 
of compasses, &c., after using, they should be cleaned out 
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and unscrewed a little, so as to preserve the elasticity of the 
spring as much as possible.* 

For long regular or irregular curves, strips of wood called 
batons will be found essential ; these are accompanied with 
load weights fitted on soles of wood. These batons are of 
various lengths, some arc thicker at one end than at the 
other, as shown in the subjoined sections (Fig. 19), of natural 



size, C(J, some arc thick in the middle and tnpered off towards 
each end. The lead -sn eight c may bo 4 or 5 inches long, 
2 inches deep, and from 1 to 2 inches broad, though the 
sizes vary. They arc generally covered in with mahogany, 
the sole is notched in front lower edge as at &, so as to keep 
the baton when set, in position. As the curve lino has to 
pass through points already laid off*, a weight like that 
described is generally placed on the baton at each point. 
These weights are also useful for holding down a sheet flat. 
The price of six lead weights, covered in with mahogany, 
Admiralty size, and six lanccwood batons, is about GOs. Small 

* Should the little screw of pen or ink legs gQf^lost, or overhauled 
in tho thread from wear and tear, they may still be put to use by 
tying a piece of line wire or line string round tho leg between tho 
middle and points, which can be sliiltod up or down to produce the 
thickness of line required ; or if tho spring that opens the ink points 
loses its elasticity, or gets broken, a little piece of india-rubber or 
coik fitted in between will act very well until ^refitted in a proper 
maimer. 
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lead weights for the purpose of keeping a sheet of paper 
dat cost 1$. 6^^. plain, incased in mahogany, Ss. Qd, each. 

Much drawing cannot bo done without a good straight- 
edge, 7 or 8 feet long, 2^ inches broad, and J of an inch thick, 
having one edge bevelled within of an inch from the lower 
edge.* The price of a 7 feet mahogany straight-edge is 
about 3s. 6r/., hardwood, 6s., steel, 81s. 

Three little triangular set squares of pear tree, or vul- 
canite, of 55°, 45°, and 30°, each of them having one right 
angle, are essential, the two former angles for projecting 
shadows, &c., and the last for drawing in six-sided figures, 
such as nuts. It is better not to have the rectangular sides 
of the former less than 4 inches long. The price of pear- 
tree set squares, if 4 inches, 4^7., G inches, 5^7., 8 inches, GtL; 
vulcanite of the same sizes, 1.9., l.s. 6^7., and 29. respectively. 

As engineering is so much concerned with shipbuilding, a 
few parabolic moulds arc desirable for any ship sections that 
occur in marine engineering drawings, as well as for drawing 
curved shadows in machinery drawings generally ; also arcs 
of circles of large diameter will be found useful for drawing- 
in barrelled rods, and for various other curved details. The 
following representations of moulds present a scries of 
curves, each set containing what it would require two or 
three of the others previously indicated to produce. These 
are given of full size, so that a similar set in thin wood can 
easily be made by pricking any of the three examples given 
through to the wood, or by first tracing them and pricking 
through the tracing on to the wood. After having delineated 
it carefully with a fine pointed pencil, the required mould can 
be cut out with a shaiq) penknife, then filed and sand-papered. 
Pear or lime tree is the best material for such purposes. 
They arc to bo Ttad of various patterns and sizes, and in 
sets. 

* To prove a straiglit-edge, draw a line along the edge, turn it over, 
or place it end for end with the edge tow’ards the lino ; if they still 
coincide it is correct. 
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In tlie annexed diagram each of the three moulds is 
differently lined and dotted so as to distinguish them, while 
occupying little space. Price of any pattern of the same 
sizes as in example, pear tree, each, or 5s. per dozen ; 
if of vulcanite, l.s*. to S.s. each; a set of 9 pear-tree long 
curves costs Is. Gd.y or 15 for 12s. Gd. ; 40, Admiralty pattern, 
pear tree, in a case, 3G.s. ; ditto, vulcanite, GO-f. 

It is hardly needful to say that the draughtsman must 
always possess a good 2 ft. rule for taking the dimensions of 
machinery to be drawn to a scale. The rule should have a 
brass slide, for the more conveniently measuring small 
orifices. Price of a boxwood slide rule variously graduated, 
from 4.S. G(/. Also, external and internal calibers should be 
procured, and several little strips of wood for taking dis- 
tances from models. 

A good steel writing pen for printing, or for making wood 
or iron fractures, should be kept. For circles too small for 
ink bows a good steel cron fju ill is 'wanted. This should have 
as thick a holder as a writing pen, otherwise it is difficult to 
command. A pen intended for such a pui'pose should never 
be applied to any other. 

An ordinary magnifying glass will bo found useful for 
examining the points of drawing pen, ink bows, &c., show- 
ing better what is required to them in touching them up, if 
not drawing satisfactorily. 

For ordinary mcchanic.al drawings pencils marked HH 
are the best ; * and for rougher purposes a common pencil. 

A good G inch sponge, fine grained, is necessary. 

India-rubber of the common dark description, is the best 

♦ In handling a new pencil, there is more command over it when it is 
long, than when it gets cut dowm to about 3 or 4 ino^fos. It is impossible 
to draw w^cll with a short pencil. When a pencil gets inconveniently 
short it can be attached to tho end of a longer piece by simply gum- 
ming a strip of writing paper about an inch broad round the joint two 
or three turns, or a crayon holder may be used. When pencils aro 
cut away, until about an inch or so long, they should be thinned to 
fit compasses or bows, as pencils for such purposes of the proper size 
and of HH quality are seldom to bo had. 
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for ordinary drawing paper, especially if the paper is to be 
coloured on. 

For the machine-made paper, where the pencil lines are 
more difficult to rub out, vulcanised india-rubber is the best. 

An ink eraser may bo useful for removing a blot from the 
paper, but should never be used on any surface to be 
coloured. 

Further remarks upon these subjects will be found in the 
succeeding chapters. 


CHAPTER V. 

SCALES. 

The best and most durable scales arc of ivory ; and though 
boxwood is often used, it will not stand so much tear and 
wear as the former. 

A good useful engineer’s scale ought to have from Jth (and 

progressing by an eighth) up to 3 a 

inches to a foot. 

Scales are usually made in four 
different forms in their cross sections, 
as shown at a, c, and d, Fig. 20. 

They are generally a little over 1 foot 
long, and about Ij inch broad. 

The form of edge shown at c, when 
bhc rule has the required scale, is 
aseful for applying direct to the 
irawing, especially for minute parts, 

^vithout measurip,^ off the distance 
yy the compasses. The scale d is of 
i convenient form, having two more 
idditional scales at a third edge for 
ho same purpose; a is the best 
orm, if required at any time as a little straight-edge. 
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Priceof ivory BcalcB best quality j 
(as at a, h, c), each . . . ) 

Boxwood, ditto 2.9. dd. 

Ivory, triangular {d), 12 inches ) 

long \ 

Ditto, G inchcb long .... 
Boxwood, ditto, 12 inches long 7.9. 
Ditto, G inches long .... 4.9. 


21 .9. to 25.9. 

9.S. to 10.S. Gd, 


There are very good sets of single scales on paslchoard, 
and sold in cases large enough to contain all the ordinary 
useful scales. These arc cheap compared with the sorts 
already referred to, and each has the scale at the edge, 
which is convenient, yet by frequentty using them they get 
soiled and dirty looldng, and the compasses soon begin to 
icll on the divisional lines. 

Price, 18 inches long, 1.9. each, or per dozen, in a ease, IO 9 . 

There is a form of scale, not so much in use now among 
engineers as formerly, divided differently from those just 
described, and of which the subjoined diagram (Fig. 21) is a 







mSSSSSmim 










Fig. 21. 


representation. It is still the form of scale put on the 
drawings of ship designs. In the present example there are 
six horizontal spaces formed by parallel lines. The last foot 
at each end is divided into inches by the diagonal lines, so 
that from the vertical lino 0 at cither end of scale on the 
second line to the first diagonal is 1 inch, and to the second 
diagonal 11 inches ; from 0 , on the thiru line, to the first 
diagonal is 2 inches, and to the second diagonal 10 inches ; 
and so on up to 6 inches. This scale is generally made 
‘‘double ended;” so that it is immaterial, therefore, which 
end is used. There are other modifications of this scale, 
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but the example here given will be found sufficiently expla- 
natory for the rest. They are to be had of the same 
materials as those first described.^ 

In civil architecture it will generally be found that the 
scale on the different orders is not feet and inches, but 
minutes and seconds (or tenths), the minute being divided 
into 10 seconds. 

A new and useful scale f for the measurement of lines has 
come into use in the offices of engineers, architects, sur- 
veyors, &c. It is called a “Dionome,” and gives by mere 
inspection every measure of a line from the i,’yth of an inch 
to 0 inches, and the price of which is only 1^. 


CIIAPTEE VI. 

COLOURS, INKS, PALETTES, AND URUSnES. 

Colours , — ^Tho colours usually required for engineering 
drawings comprise Prussian blue, crimson lake, gamboge, 
^ burnt umber, yellow ochre, light (or Indian) red, indigo, 
flake white, and carmine. 

An engineering draughtsman, under ordinary circum- 
Btances, may got on very ^vcll -with these, but in colouring 
sections, &c., of steam -ships (referred to further on), 
requiring some little decorative art, other colours will bo 
found necessary. 

Complete sets of colours include all the foregoing, and 
others — as sienna, sepia, &c. — which are used in civil 
architecture. Excepting the carmine, which costs 10s. per 
whole cake and 5s. per half cake, they can bo had of good 
quality at Is. pc» whole cake. At a loss price they are apt 
to bo gritty, and unfit for the purpose required. 

Neutral tint for shading, when sold in cake, is frequently 

♦ Scales should never bo used, as they too frequently arc, os paper- 
cutters, which process soon sorrates the edges. 

t BySpanton. 
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too chalky for engineering drawings ; it is, therefore, better 
to mix it up of the different transparent colours which com- 
pose such tint (for the component parts see Chapter XVI.). 

Fluid colours of carmine, blue, green, &c., are to be had 
in bottles at 1.9. each, and are more used in drawings of ship 
designs than for engineering drawings. 

Inks , — Indian ink varies a great deal as to quality; indeed, 
it is difficult to get the genuine article. There are two sorts, 
one having a rough and the other a smooth exterior. The 
smooth is found generally to bo the best, it shades better 
than the other, and the lines made by the smooth are not so 
apt to run in colouring over them. If the cake is of the 
best sort, the end, after rubbing when moist, should present 
a brownish hue. The cakes are sold of various sizes, and 
their quality being supposed to be equal, their price varies 
accordingly, though the shilling size is generally of bettor 
quality than the larger sort. A shilling cake, in constant 
ordinary use by one person, will last twelve months, fre- 
quently longer. 

Fluid Indian ink can be had in bottles at 2s. 6r7. each, 
used for lining only, that in cake bemg best for the shading 
tint. 

Palettes , — Two sorts are necessary, one having a sloping 
recess for rubbing down Indian ink, and having three or 
more little round recesses or cups adjoining for mixing up 
tints ; and a second palette is required having three or more 
sloping recesses only, for rubbing down each colour required 
separately, either for using each by itself, or before for 
mixing up a tint. The average price is %d, each. Little 
saucers fitting into each other, called cabinet-nests, to keep 
colour moist when not using, are to bo hqd ; those having 
five in the set, small size, cost Is,, middle 1^. Sd., large 1^. 6d, 
There are also little glass tumblers made for draughtsmen 
for containing the water for shading, and having little inden- 
tations in the rim for holding the brush when not in 7ise for 
the moment. Price about Sd, each. 
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Brushes. — In choosing colour brushes they should be 
gently drawn through the lips, and if on being bent against 
anything they still keep their elasticity, they may be con- 
sidered fit for use, but if they keep the bend they should bo 
rejected. They should always terminate in a point when 
moistened. 

The prices of ordinary brushes vary very much at different 
shops. For all ordinary drawings there should bo three 
sizes, and in pairs, those on each end of holder being 
similar. 

Prices : — 

2 — \ inch long, sable, per pair, and holder 7d. 

2 — ditto ditto ditto !.<?. 4J. 

2 — J ditto ditto ditto 2.s'. G(/. 

Sable is preferable to camel hair, as it retains its elasticity 
for a longer period. The cost of the latter is about two- 
thirds less. 

The holder should be about 5 inches long — the brush at 
one end being used for the tint, and that on the opposite 
end for water. 

Brushes of a larger size may be sometimes found neces- 
sary for largo washes of tint. When selecting such, the 
ones fitted in sheet iron, mstead of quill, arc preferable, and 
will stand rough work longer. 

Prices : — 

Camel hair, IJ inch long and ^ inch diameter, 

with holder, about Is. each. 

Camel hair, 1 inch long and I inch diameter, 

with holder, about Gr/. ,, 

Sable, Ij inch long and \ inch diameter, with 
holder, about T . . 7 «. 6d. „ 
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CHAPTER VII. 

DRAWING AND TRACING PAPERS, ETC. 

Drawing Paper , — ^Tho paper most commonly used for 
practical engineering drawings is double elephant. Of this 
there are two sorts — rough and smooth. The latter will bo 
found the best for shading. Antiquarian is a larger sized 
sheet, and generally has a good surface to draw upon ; and 
so has atlas paper ; but neither are half so much used as 
the elephant. Machine-made or what is called cartridge 
drawing paper, has not so good a surface as any of the 
above, neither is it so white, its principal recommendation 
being found in its dimensions, it being procurable in rolls 
any reasonable length. It has a rough and a smooth side, 
the latter being the proper side to draw upon. It is fre- 
quently used for shipbuilding drawings, the other papers 
being too short in most cases ; it is also used for large 
illustrations for lectures. 

The following tabic gives the names, with their sizes, and 
prices per single sheet, of the several kinds of drawing 
paper in general use. In purchasing a quantity, the price 
would, of course, be proportionally less : — 


Name of Pj-per. 

Lcufrlh in 
inclits. 

Bicadtli in 
me lies. 

Piicc. 

Cartridge (thin car- 

Contiim- 

57 

Gi!. per yard, or 25 

toon) 

Do. (thick) 

ous 

Do. 

52 

yards 7s. Ad. 

1 1 (1. per yard, best 1 j. 4 d. 

Drawing Cartridge 

54 

27 

Sd. per Bhcct. 

Antiquarian 

ra 

30 

3^. „ 

Double Elephant 

40 

27 

Sd. to Od. „ 

Columbier 

35 

2?A 

7 ^^. „ 

Atlas ^ 

3t 

2G 

7 <? „ 

Imperial 

30 

21 

ia. „ 

Elephant 

28 

23 


The prices in different shops vary a little, and the sizes 
of those bearing the same name will sometimes bo found to 
differ a little from the above. 
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Drawing paper, ready mounted on cloth 
Price per yard, 64 inches wide, 6s 

9i ff 

Tracing Paper . — Tracing paper is sold of many sizes, and 
of as many prices, seldom two shops being alike in this 
respect ; but the following will bo found about the average 
prices for the sizes given : — 

40 inches by 80 inches, Gd. per sheet. 

80 ,, 20 ,, Sd. ,, 

24 yards, continuous, 42 inches wide, ordinary, from 7^. 
to 9.?. 

Extra stout, IGs. 

Home-made tracing paper is much less expensive than 
that purchased at the shops. Common silk (or tiaiiiie) paper 
can be had at something less than a halfpenny per sheet, of 
the ordinary size, when purchased in quantities. To pre- 
pare it, mix a proportion of 1 of boiled linseed oil to 5 of 
turpentine in a cup. Put a single sheet of the paper at a 
time on an inverted tea tray, large enough to allow, at 
least, the half of sheet to lie flat. The mixture should 
then bo put on with a small sponge, one coating only, and 
that not too thickly ; each sheet after such process should 
be hung over a string stretched across the room, and when 
all the clear oily marks entirely disappear it will bo ready 
for use. 

Tracing Cloth, — Tracing cloth, 88 inches wide, costs about 
1.9. Gd. per yard. 

Best continuous, 28 inches wide, SO*’, per 21 yards. 


^ CIIAPTEK VITI. 

PEKPAEATION FOR DRAWING ON HOARDS. 

To draw easily, and accurately, the paper must bo stretched 
tight on the board ; in other words, it must be quite flat. 
If the paper is not stretched quite tight, the process of 
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colouring would cause the paper to buckle up where mois- 
tened, and it would not lie flat again when dry. To get 
the sheet satisfactorily tight, it must bo first expanded by 
damping it all over with a sponge and clean water, putting 
weights on each comer of the paper to keep it in as flat a 
position as possible during the process. It is better not to 
place the paper on the board to which it is to be gummed, 
as the very place which is required to be kept dry for the 
joint would be apt to get wetted ; any other flat horizontal 
surface will suit for the purpose. It was formerly the 
custom, far more than now, to take the right side of the 
paper for drawing on, supposed to be that in v/hich the 
name of the maker of the paper in the watermark can bo 
road off. In the case of the paper most in use, both sides 
will be found so nearly alike as to render the difference, if 
any, of no practical importance. If any sheet has really a 
better looking or smoother side than another, the smoothest 
side is generally the best for drawing on. 

As the less the surface of paper is sponged the better, the 
side not to bo drawn on should be equally sponged all over 
with a sponge nearly dry, and all tiny of water lying 
in the hollows of the surface carefully removed. When the 
clear watery surface begins to look dry, or rough, repeat tho 
process a second time, allowing tho water to sink in, as 
before. As long as clear water lies on tho surface, the 
paper may go on expanding during the process of fixing 
down the sheet, and much trouble may follow from tho 
edges not lying flat, under which circumstances tho only 
remedy is to take up the sheet where fixed, and let it rest a 
little. After the water from the second sponging has sunk 
in sufficiently, it is time to turn over tho ^apor, having tho 
drier or proper surface for drawing on uppermost, and while 
thus damp the edge must bo fixed down firmly all round, 
either with hot or cold glue, or thick office gum.**' If an 

* Fluid gum is the quickest adhesive with which to put down a 
sheet, though cold glue is perhaps the cleanest. Hot glue, though it 
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ordinary sheet, and having a way, the long sides should 
bo fixed down before the ends ; a square, or straight-edge, 
should he placed -Jths of an inch inwards from edge of paper, 
and weights upon it to keep it firm, and the edge of th j 
paper turned up against it. If cold glue is to bo used, it 
should be a piece about 3 inches long and straight on the 
rubbing edge, and moistened with cold or hot water (.he 
latter being preferable), then rubbed against the turned-up 
edge of the paper and the board, when it will become 
adhesive. The edge of the paper should next bo turned 
down and rubbed hard with the rounded end of a penknife 
or a piece of hard wood fer the j)urposc, always through a 
strip of drawing paper about 0 inches long. In putling on 
a sheet -with fluid gum, both tho board and edge of paper 
should bo gummed; a joint either of gum or hot glue 
seldom requires rubbing down, as in tho cold glue process, 
unless the edge should rise hero and there. 

After tho four sides have been put down, it is a safe pre- 
caution to put a brass-headed pin in each corner, and a few 
along the sides and ends. These assist in preventing the 
joint from giving way. If tho shoot contracts quicker than 
the joint dries, a slight sponging over tho surface of tho 
sheet, keeping an inch clear of the sides, is also a safeguard. 

In putting on a largo sheet, which is apt to get too dry 
before the sides are all fixed down, a damp piece of calico, 
or similar fabric, is tho best thing to lay on it, always keep- 
ing it clear of tho edge of tho sheet, the paper is thus kept 
expanded until tho joint is dry all round. Tho paper, on 
removing tho cloth, then contracts, and becomes perfectly 
tight for drawing on. 

generally perfonns ifa work well, is mes^tjy and as such, not to he 
recommended. Tho fluid gum sold in bottles is generally too thin for 
such purposes ; tho ]U’opor proportion should ho ctpi.d gum with equal 
water, and it should ho kept ready for use in a phial having a wido 
neck, closed by a cork with a littlo hole in the top of it in which to 
place the brush when not in use. Tho brush should he a hard one, 
about half inch long, and kept entirely for tho purpose. 

O 
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In putting down a very long sheet, such as for ship draw- 
ings, instead of fixing down the long sides first, as in ordi- 
nary sized sheets, it is easier to fasten down the ends first, 
as otherwise when such a length of shoot begins to contract, 
the sides would give a good deal of trouble. When the 
ends are put down they should bo well pinned ; then in 
each of the long sides, 8 or 9 inches of tho edge in tho 
middle of length, should be turned up, having made a little 
incision at each end of tho little length previously, such 
length should bo gummed, or glued, and pinned down ; in- 
termediate spaces should bo opened up and treated similarly* 
The process should bo repeated until both sides arc fully 
fixed down. When tho paper has become quite diy, the 
pins must be removed, so as to allow the square to do its 
work. 

Sometimes in putting on a sheet with assistance, when it 
is damped and ready for turning over on tho board, tho 
edges might have tho gum or fluid glue first put on, and, 
with a person at each end, it can be turned over easily on to 
its board mid rubbed down, granting the gum or glue has 
not diied too quickly on a very large sheet. Or the paper 
may bo fixed to the board without assistance, by placing tho 
board as nearly vertical as it will stand against the wall or 
other firm object, and taking tho sheet so prepared and 
hanging it on the board in tho same way as in papering tho 
wall of a room, immediately after which it should be placed 
horizontally. A board with a newly-stretched sheet should 
never be placed against tho wall, or in any upright position 
to dry, as tho moisture in the paper is apt to sink gradually 
down, and by the upper joint drjung, and tho paper con- 
tracting and pulling it upwards at tho same time, tho lower 
joint gets loosened. Neither should a board with, or with- 
out, a sheet on it bo placed at any time against a wall whoso 
dryness is doubtful, for where there is the least damp tho 
board runs tho risk of being warped, and if any shoot 
stretched upon it, would bo destroyed by getting cloudy ; 
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and if it has anything drawn on it so much tho worse. A 
newly-stretched sheet should never be held to the fire to 
dry, as the edge joint is likely to be pulled up before it is 
sufficiently dry. It should be allowed always to dry natu- 
rally in a horizontal position. 

A frame fitting over a board, as described in Chapter II., 
Fig. 1, without any adhesive, is seldom or never resorted to 
now for practical engineering drawings. 

Long cartridge paper has a surfiico that docs not suit 
well for some large drawings, when it is better to join 
the smaller sized sheets of superior surface. This can bo 
done very neatly by thinning the edges to be joined by 
fine sand or glass paper, hold tightly by tho hand (or 
glued) around a flat piece of wood about G inches long, 
2 inches broad, and ^ inch thick. Tho edges of tho paper, 
which are to be joined, should be cut quite straight, after 
which each sheet should be placed separately, with the cut 
edge close to the edge of tho table or a drawing board, and 
a straight-edged piece of wood, against which to bear in 
using the sand paper, placed above tho paper about |ths of 
an inch, or the breadth of what is to bo the joint, inwards 
from tho edge of paper, and held firmly by weights. Tho 
projecting gths of the paper, beyond tho straight-edge, 
should then bo rubbed with tho sand-paper till it is quito 
thin at tho outer edge ; tho same process should bo repeated 
to tho end of the other sheet, taking care previously that 
tho corresponding surfaces to be drawn upon will bo together 
when joined. Each edge of paper, so rubbed, should havo 
a thin coating of gum. Having placed tho sheets so that 
the joint will bo somewhero on the middle of any flat sur- 
face, such as a table or a drawing board, a slip of drawing 
paper, at least IJ inches broad, should then be placed over 
tho joint, and well rubbed on the top with tho rounded end 
of a penknife ; never in any case should the intervening 
slip of paper be omitted. If tho paper thus joined is not 
afterwards to bo damped for stretching, a strip of smooth 

o2 



28 PREPARATION FOR DRAWING ON BOARDS. 


wood, or a straiglit-cdgc, witli a few weigMs, should bo laid 
on the joint, causing it to dry flat. If, however, the paper 
has to be stretched on a board, it should be done while the 
joint is still damp. The joint should bo carefully avoided 
in sponging the paper. When the paper is gummed round 
the edge, and put down in the ordinary way, a brass pin 
should bo placed in each end of the joining of paper, 
and throe or four on each side of it, about 1 inch apart in 
the common margin. A sheet formed thus, in two parts, 
should never have any drawing on it sponged, in the way 
referred to in Chapter XVI., or the joining ends would run 
the risk of being separated during*contraction. 

On an}" unstrctched sheet of drawing paper finer ink lines 
arc more easily drawn, the fibre of the paper not being 
separated by expansion. When a small unstrctched sheet, 
kept in roll, is to be drawn upon, it will always be found to 
lie better to the board by keeping the hollow, or concave 
side, uppermost. The corners should be stuck down with a 
little gum, rather than pins, as the latter are apt to interfere 
with the free action of the T-square ; but when for colour- 
ing, however small the sheet, it must bo stretched and 
gummed down all round, for the reason already stated. 

A damp sheet should never bo covered up with brown 
paper, or the like, as such coverings are apt to leave a 
cloudy mark. 

When the sheet is quite dry, white paper is the best 
covering, particulars regarding which arc noticed at the end 
of next chapter. 

Should there bo at any time two drawings, one on each 
side of a board, one of them not being required for a time, 
and the other worked at, a sheet of paper should bo put 
above the former, and gummed down all' round at the edge, 
and a brass pin put in each corner, so as to keep the under 
surface from being chafed by the table, which it certainly 
otherwise would be after being handled about. 
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CHAPTEB IX. 

STllETCIIlKa FRVME. 

If a drawing has to be made in a Liglily-iinished style for 
framing, it is better to first attach the paper to the cloth 
already fastened to the plain stretcher, which has to be 
placed in the proper frame, otherwise colours and shade 
lines are apt to run and blot, besides running the risk of the 
drawing not drying on the cloth quite fair and square. 
Especially is this advice necessary to the draughtsman who 
has not been accustomed to mount his O'uii drawings. A 
btrctching-franic should be strong enough to resist the ten- 
sion of the paper when dry, and for any length above 3 8 
inches should have a bar or bars across. The inner top sides 
of stretchers should bo slightly rounded over, as shown in the 
subjoined cross section (Eig. 22) ; if these corners were left 
square Ihey vould be apt to show a soiled mark on the paper 
by the time a draAving was finished. A large frame, G or B foot 

Fig. 22. 

long, should have two cross bars, dividing the length of 
frame into three equal parts, and of such thickness as when 
let in flush at the back the top sides only come up io the 
rounding of the sides, as shown ; and they should be let 
into the sides only about one -third across, so as not to 
weaken them. The sides and ends of a stretcher 8 or 9 
feet long, and 2 feet across, should be d inches by j^.ths of an 
inch. The frame being ready, linen or calico — the former 
being preferable — should bo procured as white as it can be 
had, and it should be spread out on a table or other flat 
surface, and, the face side of stretcher being laid next to it, 
the edges of the cloth should be pulled over and nailed to 
the back ; the ends first, then the middles of the sides, and 
in every intermediate space until the tacks are only about 4 
inches apart, taking care always to pull it tight in putting in 
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any tack when opposite to another. If the edge is folded 
for the tacking, the two thicknesses will tend to hold the 
tacking better than if single. The paper to be stretched 
should be laid flat on a surface covered by a clean table- 
cloth, the side of paper to bo drawn on of course being 
under. Sponge the paper with clean water, and let it dry 
in a little ; and then with cold flour paste, free from knots 
and gritty matter, applied with a flat brush (whitewash one 
if the sheet is large), give the paper one or two good coats ; 
place the frame with the cloth on the paper, and rub the 
back of the cloth well ; turn it over and rub down the edges, 
which should be in a little from outer edge of frame. If 
any little blisters should arise from the paste not having 
been sufficiently cold, they should be pricked with a fine 
needle, and the paper rubbed down. When paper thus 
stretched on cloth is quite dry, it will be found nearly as 
still* to draw on as a drawing-board. As the cloth at the 
edge of the frame will not present a good edge for the 
accurate working of the T-square, a strip of parallel wood, 
rectangular in section, and equal to the thickness of tho 
frame, should bo nailed on temporarily. 

In making a drawing, mounted as described on a frame, 
the horizontal lines have to be worked as in long drawings 
on boards, by measuring up in two places in the length from 
tho bottom, and applying a straight-edge. Along T-square, 
however accurate in itself, and however square tho ends of 
boards or frames may bo to the sides, would bo rendered 
inaccurate by tho least particle of grit, tho end of tho blade 
seriously so. It may be as well to mention hero, that in 
shading and colouring a stretched drawing on a frame it is 
better to lean the hand on a thin broad straight-edge, or 
clean strip of plank long enough to reach over the ends of 
frame, and which will prevent the hand indenting the 
paper. 

In covering up a drawing in progress, either on boards or 
stretchers, when not actually working at it, brown paper or 
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newspapers should never be used for the purpose — the for- 
mer being greasy or tarry, and the latter apt to soil from the 
printed matter. Clean white paper is the best, and can be 
had of largo size for such purposes, or several sheets can bo 
pasted together. The best way for preserving a drawing 
when likely to bo indefinitely prolonged, is to gum all round 
the edge of the cover, after the principal centre lines have 
been drawn in, and cut a door in it suitable to the sizo of 
the piece of drawing that is being worked at, and, when put 
aside, another whole sheet should be pinned all round the 
edge on the top of the other. A drawing cannot be kept 
too clean. 

Drawing paper, when purchased ready mounted on cloth, 
is useful for \arious kinds of drawings, but more frequently 
for those of civil than mechanical engineers. It is never 
damped and stretched for drawing on, and rarely buckles np 
in being coloured. For any drawing to be afterwaids 
framed, those whoso business it is can put it on a stretching 
frame quite tightly, without at all injuring it. 


CIUPTER X. 

COMMENCING A DRAWING. 

Drawing is the art of representing objects on a plane surface 
in such a manner that the delineation shall perfectly accord 
with the natural appearance of those objects. It is also the 
laying down the outlines of any object tastefully and cor- 
rectly ; and the process depends chiefly on the dexterous uso 
of the various instruments employed, and upon preserving a 
strict proportion of details, so that tho whole and all the 
parts may agree with the scale on which the drawing is 
constructed. 

It is usual to stand when drawing, especially in making 
largo drawings. In making small drawings, however, sitting 
may do well enough, as they can bo conveniently worked at. 
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Having seen that the drawing-paper is properly stretched 
on the board, quite dry, and free from blemish, and, the 
board and square having been proved correct, a good flat 
point must be put on the HH pencil by a sharp penknife. 
Though a round point is preferable for filling in any little 
circular work, a fiat point will do more straight work with- 
out repairing. The wood should bo cut away as far back 
as Jths of an inch from the end. In using the penknife for 
this purpose, it will be found less liable to break the lead if 
the blade of the knife is held at an angle than if square 
across ; the point can bo trimmed up cither on a small 
smooth file, or on fine sand (or glass) paper. The point of 
the pencil must not be so fine as to break off, and should bo 
kept sharp by a little application of the sand-paper. 

A 2^encil should never be wetted, as afterwards it would bo 
impossible to rub out ; besides, it is quite unnecessary. 

Before using the T-square for the day, it should bo wiped 
free from dust with the cloth kept for such purposes. 

In using a square which has a shifting stock for lines to 
bo parallel to the board, care must always be taken that it 
is not the shifting part of the stock that bears against the 
board, i .stead of the fixed side ; the screw nut of such stock 
should always be U2)pcrmost. 

For drawing horizontal lines the square must be kept firm 
with the left hand c gainst the left edge of the drawing-board, 
and never, by any means, on the right side ; and for drawing 
vertical lines the square must be kept firm, with the left 
hand, against the bottom edge of the board, and never 
against the top edge. 

The lines should always be drawn along tho front edge of 
the square, and never along tho edge at tho back, and 
always on tho same side of tho blade, even' though the stock 
is not a shifting one. For the same drawing the same square 
should always bo used. 

The little triangles of thin wood (referred to in Chapter 
lY.), having one angle rectangular, when placed against the 
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T-square, are useful for drawing any series of linos at right 
angles to the T-square, or parallel to each other ; but, unless 
for a series of lines, it is more trouble adjusting the square 
in its position across the board than shifting tho T-square 
itself. 

Having previously laid off, just visibly, the point through 
which the line is to bo drawn, and placed tho T-square in 
position, tho top of tho pencil should incline a little out- 
wards, so as to permit tho point to move close to the lower 
edge of the square ; tho top of the pencil should also in- 
cline a little towards the right. The line should invariably 
bo drawn from the left to tho right. 

In making circles with pencil compasses (supposing them 
of tho description recommended in Chapter IV., with a joint 
in each log), tho lower portions of each leg should be kept 
nearly vortical, otherwise tho central point will make a large 
hole in tho paper, which ought always to bo avoided. If 
tho circle is to bo a small one, tho central leg should be kept 
a little longer than tho pencil one ; for in most cases it will 
go a little way into the paper. A good small circle can 
never bo drawn if the centre leg is the shortest. In drawing 
a circle, tho bows (or compasses) should bo held by tho top, 
and kept in as uindght a position as circumstances will 
admit of. 

Before entering into tho subject of copying by the pencil 
from an original drawing, &c., it is requisite to give, in a 
concise way, a few hints in geometry, tho uses of which are 
continually recurring in mechanical drawing. 


CHAPTEB XI. 

HINTS ON GEOMETRY. 

Geometry is the science which treats of tho properties and 
relations of magnitudes. 

Those magnitudes are either solids, surfaces, or linos. 
c3 
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Solids have length, breadth, and thickness. 

A surface is the face of a solid, and has only length and 
breadth. 

A lino has only length, without either breadth or thick- 
ness, and may bo called the boundary of a surface, 

A point has neither length, breadth, nor thickness — it has 
simply position ; and in the crossing of two lines there is 
the point of intersection — it has only position.* 

Lines , — Lines are either straight or curved. 

A mixed line is composed of curves and straight lines 
(Fig. 23). 



Fig. 23. Fig. 21 

Parallel straight lines arc those which arc equally distant 
from each other at every part, and however far they may bo 
produced at cither end can never meet (Fig. 24). 


Fig. 25. rig 26. 

A horizontal line is a line parallel to the horizon (Fig. 
25). 

A vertical line is a lino upright from the horizon (Fig. 2G). 

* In attempting to represent lines and points on the surface of 
paper by means of drawing instruments, the representations can never 
more than approximate to the things intended to be shown. For the 
^est line that can be drawn will have some breadth ; and, indeed, if 
it had no breadth it could not be visible. In the same way, a point 
may be represented by a very minute dot on the surhico ; still, as it 
covers sotne surface, it is not a geometrical point. 
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Angles , — ^An angle is the amount of opening between two 
lines which meet. It will be understood that the lengths of 



the lines have nothing to do with the size of the angle : 
thus, these two angles (Figs. 27 and 28) arc said to be equal. 

If the lines are both straight, it is called a rectilineal 
angle; if both curved, a curvilincal angle. The lines are 
the sides of the angle ; the point of meeting is the vortex of 
the angle. 

Right Angle . — When one straight line stands upon another, 
so as to make the two angles equal, each of tliesc angles is 
called a right angle (Fig. 29) ; and one lino is said to bo 
perpendicular to the other. A lino which is not perpen- 
dicular to another is oblique to it. 

Acute Angle, less than a right angle (Fig. 80). 

Ohtuso Angle, greater than a right angle (Fig. 31). 



Surfaces . — Surfaces are either curved or flat. Flat surfaces 
are called iilanes. Curved surfaces may bo called deflected. 
The hollow side is called concave; the other convex. 

Triangles . — The three angles of any triangle added together 
are equal to two right angles. 

Any side may bo called the baso. 

Triangles are denominated according to the magnitude of 
their angles. 
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A right-angled triangle, having one right angle (Fig. 32). The 
side opposite which is called the hypothonusc ; the other 
sides arc, indiscriminately, one of them the base, and the 
other the perpendicular. 

An acute-angled triangle, having its throe angles acute 
(Fig. 83). 

An ohtube-angled triangle, having an obtuse angle (Fig. 34). 



Triangles are also divided according to their sides. 

An equilateral triangle, having three sides which arc equal 
(Fig. 35). 

An isobcehs triangle, having two sides which are equal 
(Fig. 8G). 

A bcalene U iangle, having all three sides unequal (Fig. 87). 

aK 

I’lg-ye. Fig. 87. 

QuadrilaUrals . — A quadrilateral figure^ is that which is 
bounded liy four lines. 



Fig. 85. 
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When the opposite sides are parallel, it is called a 
parallelogram (Fig. 88). 

When a parallelogram has right angles, it is called a 
rectangle (Fig. 39). 



Fig. 38. Fig. •'9. Fig. IJ. 


Square, having four right angles and four equal sides 
(Fig. 40). 

lihomhus, or lozenge, having its sides equal, and only its 
opposite angles equal (Fig. 41). 



Fig. 41. Fig. 42. Fig. 43. 


TJiomhoul, having its sides parallel, and only its opposite 
sides equal (Fig. 42). 

Trapezium, having neither pair of its sides parallel (Fig. 
48). 



Fig. 44. Fig. lu. 


Trapezoid, having two sides parallel (Fig. 44). 
Bight-angled trapezoid, haying two right angles (Fig. 45). 
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Isosceles trapezoid^ having two opposite sides equal (Fig. 
46). 



Fig. 46. Fig. 47. 


Figures on planes and of more than four sides are called 
polygons. 



Fig. 48. Fig. 49. 


When the sides and angles of a polygon are equal, it is a 
regular polygon ; when they are otherwise, it is an irregular 
polygon. 



rig. 50. Fjg. 61. 


Tentafjoriy five sides and five angles equal (Fig. 47). 
Hexagon^ six sides (Fig. 48). 
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Heptagon^ seven sides (Fig. 49). 

Octagon, eight sides (Fig. 50). 

Nonagon, or Enncagon, nine sides (Fig. 51). 




Decagon, ten sides (Fig. 52). 

Undecagon, eleven sides (Fig. 53). 

Duodecagon, twelve sides (Fig. 51). 

Diagonal, — lino joining the vertices of two angles of a 
figure not adjacent (Fig. 55). 




Circles, — Circumference, a curve lino of which the 
points are equally distant from a point or common centre. 
The circle is the area bounded by the circumference (Fig. 
56). 

Diameter, a line passing through the centre and terminated 
both ways by the circumference (Fig. 57) (the proportion of 
diameter to circumference is as 1 to 8*14). 

The portion of the circle cut off by the diameter is a semi- 
circle. 
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RadiuSf a lino drawn from the centre to the circumference ; 
equal to half a diameter. All the radii are obviously equal 
(Fig. 68). 




Fjg. 50. 


Fig. 67. 


Arc, a part of the circumference (Fig. 69). 

Chord, a line joining two poinin of a circumference, or the 
extremities of an arc (Fig. GO). 



Fig. 58. Fig. 59. 

Scijmcnl, part of a cii’clc cut oil’ by a chord (Fig. Gl). 



Fig. 60. Fig. 61. 

Sector, space cut off by two radii (Fig. G2). 
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Inscribed Une^ a line terminated both ways by the cheum- 
forcnco (Fig. G3). 



Fig. 62. 



Inscribed (inffle, the summit at the circumference, and the 
sides consisting of two chords (Fig. 01). 

Inscribed irianfjlc, the summits of the three angles at the 
circumference (Fig. 05). 




Fig. 61. Fitr. 05. 

Tan f lent j touching the circle without cutting it, meeting 
only at one point, called the point of contact (Fig. 00). 



Fig GJ. Fig. 67 

Secant y a lino drawn from the centre through the ex- 
tremity of an arc to meet the tangent drawn from the other 
extremity, as the dotted lino (Fig. 67). 
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Concentric lines ^ having tho same centre, and therefore 
parallel (Fig. 68). 

Eccentric Uncs^ having different centres (Fig. 69). 



Ordinatr, a straight line drawn from any point of a curve 
perpcndiculiir to the diameter, as the dotted lines (Fig. 70). 
Aheiss, the part of tho diameter cut off by tho ordinate 
71). 




lig. 70. 


Tig. 71. 


Spiral, starting from a centre and removing from it 
gradually (Fig. 72). 



Helix, turning on a cylinder, and uniformly advancing 
lengthwise (Fig. 73). 
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Tangent circles (Fig. 74). 

Circumscribed polygon (Fig. 75). 

Ellipse (Fig. 76). Tho longest diameter is called the 
major axis, and the shortest diameter tho minor axis. 


0 

Fig. 74. lig 

Solids {regular ). — Of solids there arc a great variety. As 
planes are bounded by lines, and derive their names from 
tho character and disposition of those linos, so solids are 
bounded by surfaces either piano or curve, and derive their 
titles therefrom. Regular solids, bounded exclusively by 
planes, cannot have fewer than four sides. 

Tetrahedron, having the faces composed of four equilateral 
triangles (Fig. 77). 

Hexahedron, having six faces equal squares (Fig. 78). 




Fig. 77. Fig 78. Fig. 79. 


Octahedron, eight faces equilateral triangles (Fig. 79). 

Dodecahedron, having twelve faces equal pentagons (Fig. 80). 
Icosahedron, having twenty faces equilateral triangles (Fig. 

81 ). 

Triangular prism, having three sides in the base (Fig. 82), 
Quadrangular prism, having four sides in the base (Fig. 88). 
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Tumcatcd piisni^ the lomainJci of a piism wliicli has been 
cut obliquely (Fij 84). 



Tig 8C Tis 87 

Hexagonal pyi amtd, having a hexagon foi the base (Fig. 88). 
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Cylinder, generated by the motion of a circle parallel to 
itself, and at right angles to its own plane (Fig. 89). 

Cone, having a ciicle for its base, and terminated by a 
point (Fig. 90). 

Inclined inji amid (Fig. 91). 



lig. 8J. Fig 00 lig 91 


Incluud ttflindi) (Fig. 92). 

Splwc, the curve suifaco of which is at all points equally 
distant from the centio (Fig. 93). 

SjpJieioul, or elongated sphere, something like an ellipse 
in its side elevation (Fig. 91). 



Fig. 92. 1 ’ SI. 


T)e(jree<f , — Anglos uo dcsciibod as of so m iny degrees. 
It is usual to divide the circumference of a ciicle into 3G0 
equal paits, called degrees; these again are divided into 
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mmutes, and tho latter into seconds ; and known by the fol- 
lowing signs : — Degrees, ° ; minutes, ' ; seconds, 

The fourth of a circle, as shown in diagram (Fig. 96), is 
an angle of 90°. Tho linos a b and c d are at right angles, 
A B being perpendicular to c n. When the radii are thus at 
right angles, tho sector is called a quadrant. 





Fig. 9'>. FitC. 90. Fig. 97 


The eighth of a circle (Fig. 90) is an angle of 45°, as a b o, 
and it is also shown (Fig. 97) as tho angles formed by a lino 
drawn through to the o])posito (but not adjacent) angles of a 
square, and is called its diagonal, e, f, g, h, have each an 
angle of 46°. 

A little half-circular mstru- 
mcnt, called a protractor (Fig. 
98) (referred to in Chapter IV.), 
is useful for setting off any re- 
quired angle, having tho de- 
grees marked all round the edge, 
the centre, a, of tho instrument, 
being placed on tho point on 
base line to which the other line forming the angle is to 
bo drawn. It is also useful for measuring the degrees of 
any angle. 

Another mode of drawing a line at any required angle to 
another line, is by using the scale of chords (and which will 
be found on most scales supplied with instruments). Let a h 
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(Fig. 99) bo tbe line. It is required to draw another line 
from the point a at an angle, ^ 

say of 85°, to the line a b, 

From the point a, as a radius, \ 

take the distance always of 60° \ 

from the scale of chords, and \ 

describe the arc c d\ then 1 

take the distance 35° for the ' T” ^ 

required angle from the scale of 

chords, and set it off from the point c on the arc c d, at e, 
and draw the lino ae; e ac will be the required angle. In 
measuring an angle the same process can bo applied. 


To bisect (or dicide into two 
equal quirts) a yieen straiyht line 
by a line drawn perpendicular to 
it,* ^ 

Let A n (Fig. 100) bo the given 
straight lino. 1. Bet one foot of 
the compasses on the extremity a, 
as a centre ; and with any con- 
venient radius that is evidently 
greater than half the line, describe the arc cn; similai’ly 
from the point n, as a centre, describe another arc with the 
same radius, cutting the first one at the points c and d. 

2. Through the points of intersection o and n draw a 
straight lino oed, this lino will divido tho given lino ab 
into two equal parts, a e, e b, at the point e, and will also 
bo a perpendicular to tho lino. It is not necessary in prac- 
tice to draw the complete arcs. An experienced eye can 
readily anticipate tho points of intersection of tho arcs 
within small limits. Neither is it necessary to do more 
than apply a straight-edge to these points of intersection, 



* In presenting methods of porforming geometrical operations, the 
T-square, parallel rulers, &c., will, where applicable, assist consider- 
ably on many occasions in simplifying the solution of the problems, 
and with on accuracy generally quite sufficient for practical pui poses. 
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and tick the point e, unless, indeed, the perpendicular itself 
bo wanted, which is often the case. 

The same process serves for the bisection of a circular 
arc ; for, supposing a b to be the chord of the arc, the per- 
pendicular which bisects the chord will also bisect the arc. 

To draw a 'porpcndlcxilar to a given straight line from a 
given jioint in that line. 

First, When the point is near the middle of the line. 

1. Let A B, Fig. 101, be the 
line, and c the point near the 
middle from which the perpen- 
dicular is lo bo drawn. On c 
as a centre, with any convenient 
radius, set off equal parts, cd 
and c E, on the line a b. 

2. On D and e as centres, with a greater radius, de- 
scribe equal arcs intersecting at f, and, if wanted, on the 
other side of the line also. 

8. Draw the lino f c — it will bo a perpendicular to the 
lino A B at the given point c. 

Second, When the point is at or near one extremity of 
tlic line, 

j 1. Take any convenient point o, 
\ Fig. 102, obviously within the perpen- 
I dicular to be drawn from the given 
/ point B, place one foot of compasses 
/ on c, and extending the other to b, 
describe a circle a b d cutting the 
Fig.' m. line a b at a. 

2. Sot a straight-edge to the points a and c, and draw a 
lino cutting the circle at d. 

8. Draw d b, which will be the perpendicular required. 

Another method: — 1. From the given point b set off on 
the given line a distance such as b a, equal to three of any 
units of measui’o, as 8 inches or 3 feet. 
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2. From b as a centre, with a radius of four of tho same 
parts, describe an arc supposed to pass through d. 

8. From a as a centre, with a radius of five parts, 
describe an arc cutting the other arc at d. 

4. Draw d b for the perpendicular required. 

This last method of solving the problem can be easily 
applied on a largo scale for laying down perpendiculars on 
tho ground. The numbers 3, 4, and 5 are, it is to bo ob- 
served, taken to measure respectively the base, tho per- 
pendicular, and tho hypotenuse of tho right-angled triangle 
ADD. Any multiples of these numbers may bo used with 
cqufil propriety, when convenient ; as G, 8, and 10, or 9, 12, 
and 15, whether inches, feet, or any other units of length. 

To draw a iwrpendicidar to a (jivni line from a nivcn point 
without the line. 

First, When tho point is conveniently near the middle of 
tho lino. 

1. Lot A B, Fig. 103, bo the c 

lino, and o tho point without 

it. On c as a centre, with a 
convenient radius, describe an 

arc cutting the lino a b at tho — 3j 

points D E. 

2. On tho points d e as cen- 
tres, and with equal radii, \ 

describe the arcs intersecting 

at F, 

3. Set a straight-edge to tho points c and f, and draw a 
straight lino from c to tho line a b. This will bo tho per- 
pendicular required. , 

If there bo no room below the lino ab the intersec- 
tions F may be taken above, that is between tho point 
c and the lino. This mode is not, however, so good as 
the one already described, because it is not likely to bo so 
<jxact. 
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Second, When the point is near tho end of the line. 



1. Let D, Fig. 104, be the given 
point, and ab the straight line. 
From D draw any straight line, d a, 
meeting a b at a. 

2. Bisect AD at c, and on c as a 
centre, with ca as n radius, de- 
scribe an arc cutting ab at b. 


3. Draw d b for the perpendicular 


required. 


To (Jescrihe a square on a ffiveu slraiijht Hue, 

1. Let A B, Fig. 105, be tho straight line, or tho base of the 



proposed square. Draw ac and bd 
perpendicular to tho base, from its 
extremities, and make each of tliem 
equal to AB. 

2. Draw the line c d ; this will 
complete the square a b c d on tho 


lino a B, 


To ilraie a line i>araUel to a given line. 

First, To draw the parallel at a given distance. 

1. Let AB, Fig. 100, be the given line. Open tho legs of 



the compasses to the required 
distance, and from any two 


j)oints c and d (the farther apart 


B the better) describe two circular 
arcs on the bide towards which 


tho parallel is to bo drawn. 

2. Apply a straight-edge tangentially to tho arcs at e and p, 
c K and draw the straight lino g n ; this 

/ ; will bo a parallel to tho given lino. 

i / Second, To draw the parallel 

® through a given point. 

n? 107. 1. Let c, Fig. 107, bo tho point; 

from c draw any line c d to a b. 
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2. From o and d as centres, describe arcs n e and o f. 

8. Make n e equal to c f, and through the points c e draw 
the parallel gh. This is the lino required. 

The methods of describing squares and rectangles already 
given are also available for drawing parallels ; though they 
arc not so generally ready of apidication as the foregoing. 

To divide a straight line into any lumler of equal xtnrts, 

1. Let AB, Fig. 108, be the straight line, to be divided 



Fig. 108. 


into, say, five equal parts. Through the points A and b draw 
two parallels A c, b n, forming any convenient angle with a b. 

2. Take any convenient distance, and lay it oft* four times 
(one less than the number of parts required) along the linos 
AO and BD, from the points a and b respectively, and join 
the first on A c to the fourth on b d, the second on a o to 
the third on b d, and so on. The lines so drawn will divide 
AB into the required number of equal parts. 

With the assistance 
of the straight- edge 
and the set square this 
process may bo con- 
siderably expedited. 

Thus, having drawn 
an oblique lino c b. 

Fig. 109, from the point 
B, lay off five equal 
parts on it ; set the 
edge of the square e, to the point a, and the fifth divi- 

D 2 
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sion on ob ; slide the square parallel to itself on tlie 
straight-edge f, in the direction ap, and draw parallels 
from the points of division on cb to the line ab. The 
latter will thus be divided into five equal parts. 

To comirnct an eqiiilaUral triangle, 

1. Let A B, Fig. 110, be the length of 
the side of the triangle. On a and b as 
centres, with radius a b describe arcs cut- 
ting each other at c. 

2. Join AC and bc; the triangle, a bo, 

Tig. 110 . formed is equilateral. 



To covbtruct a irianqlc, haruKf its three sides of qiven lenqths. 


1. Lot AB, Fig. Ill, equal 



Tig. 111 . 

the former at c. 


be base of the triangle. 

On A as a centre, with a 
radius equal to one of the 
sides, describe an arc. 

2. On Ji as a centre, with 
a radius equal to the third 
side, describe an arc cutting 


8. Join A c and b o. The triangle is thus completed as 


required. 



± 


Tig. 112 . 


To draw a straitjht line, so as 
to form any required anyle with 
another straiyht line, 

1. Let BAG, Fig. 112, bc the 
given angle, and d e the lino 
upon which an equal angle is 
to bc drawn at the point d. 

From the points a and d, 
with any convenient radius, 
describe arcs f g and n i. 


2. Set off the length of the arc fg, contained between 
the lines ab and ac, upon the arc ni, and draw ni. The 
angle edi will be equal to the given angle bag. 
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To bisect a given angle, 

1. Let BAG, Fig. 113, bo the gi 
tre describe an arc cutting the 
sides of the angle at d and e. 

2. On D and e as centres, 
describe arcs cutting each other 
at F. Through the point f draw 
the lino af, which will bisect 
the angle as required. 

To find the centre of a circle. 

1. Let ABCD, Fig. 114, bo 

a circle of which the centre is Fijr. 113 . 

to bo found. Draw and chord ao. 

2. Bisect the chord at e, and draw b d perpendicular to it, 
bounded both ways by the circumference. Then b d is a 
diameter. 


Fig. 114. Fig. 116. 

8 . Bisect B D at F ; this point will be the centre of the circle. 

Or the following method may be adopted ; and it is the 
more expeditious of the two : — 

1. From any point b, Fig. 115, in the circumference, with 
a radius not greater than that of the circle, describe a 
circular arc. 

2. From two other points, a and c, beyond this arc, one 
on each side, describe other arcs with the same radius, each 
cutting the first arc in two points. 

8 . Through the two points of intersection thus found 




angle. On a as a cen 
A 
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draw straight lines, meeting at the point o. This Tvill ho 
Ihe centre of the circle. 


To describe a circle that shall pass tliromfh three tjiren points 
Let ABC, Fig. 116, ho the three given points. — 1. Frorr 



Fig. 116. Fig. 117. 


the points a, b, and o as centres, with the same iiulius, 
describe arcs intersecting each other at d e. 

2. Through the intersections of any two pairs of arcs (two 
pairs being sufficient) draw straight lines ; their intersection 
is the centre of a circle which will pass through the three 
given points. 

To draw a circle ichich shall touch the given line ab, arid 
also a given circle de, in p, Fig. 117. 

1. The centre of the required circle will bo on o p 
produced. 

2. Draw a tangent to the given circle at p, meeting b a in 
T. Then the required circle will touch the two lines p t and 
A B. Bisect the angle at t by a line t q. Then the centre 
of the required circle will be on t q. But it is also on c p ; 
therefore it is at their intersection at q. 

V 
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To draw a nximher of radial lines vpon the clmmfeunce 
of a circle^ the centre being inaccessible. 

If the radii are to be at equal distances, set off the equal 
parts on the circumference, as abc, &c.. Fig. 118, 

On the points abc, &c., as centres, 
with radii larger than a division, 
describe arcs cutting each other at 
be, &c. Thus from a and o as centres 
describe arcs intersecting each other iis. 

at b ; and so on. Draw the lines b 6, o c, &c., which will be 
radial lines, as desired. 

To describe a regular pentagon on a given line, 

1. Let AB, Fig. 119, be the given line, bisect ab at c, and 
draw c f perpendicular to a b. Set off on this lino a length c d, 
equal to a b, the given side of the required pentagon. Draw 
A D, and produce it indefinitely ; make d e equal to half a b. 
From A as a centre, with the length ae as a radius, describe 
the arc e f, cutting c f in f. 

2. From a f and b as centres, with a b as a radius, describe 
arcs cutting each other in a and h. 


E 

Tiff. 119. Tig 120 

8. Draw the lines a g, b n, p g, and f n. a g f ii b will bo 
the pentagon required. 

To describe a hexagon (Fig. 120). 

Draw a circle, and with half its diameter, f e, in the com- 
passes divide the circumference into six equal parts, and 
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complote the figure by drawing the lines between the ilivi- 
sional points, as shown in diagiam. 

To describe a retjular ovlagnn in a f/Iren s(piare» 

Lot AB CD, Fig. 121, be the given square. Draw the diagonals 
AD and Bc intersccling at e. Upon a bod as centres, with 
a radius eg, describe the arcs leu, nek, gem, andFEi, 
Join KG, ni, MN, and fl, which 'will comj)lctc the octagon. 

Or, lei a BCD, Fig. 122, bc the given square. Draw tho 




diagoiuils AD and 3’>c, and from the point e, where they 
intersect, as a centre, and with the radius eo, describe a 
circle, and where it cuts the diagonals at the points qprs 
draw tho lines hi and lf each parallel to the diagonal ad, 
and tho lines m n and g k each i)arallcl to the diagonal o b, 
which will complete the octagon. 

If a circle is given in which to inscribe a regular octagon, 
it may bc done in the following manner : — 

1. Draw two diameters at right angles to each other. 

2. Bisect tho four arcs thus obtained, and draw chords to 
each — which chords shall form the octagon required. 

To describe a duodccaifon (Fig. 123). 

If a circle is given in which to inscribe tho required 
figure, it may bc done in tho following manner : — 

1. Draw two diameters, ab and n d, at right angles tc 
each otbor'^ 
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2. From the points a, b, c, and d, with half the diameter of 
the circle as radius, describe the arcs as shown. 

8. Draw straight lines between the intersectional points 
•of the arcs, as e /, &c., which will complete the figure. 


To draw an ellipse. 

Having given the two axes, set off from c, Fig. 124, half 
the major axis at a and 5, which are the two foci in the 
ellipse, take an endless string, as long as the three sides in 
tho triangle a 6 c, fix two iiins or nails in the foci, one in a 


c 



Fig. 123. Fig. 124. 

and one in h, lay the string round a and /?, stretch it with a 
pencil d, which will then describe tho desired ellipse. 

A figure which is often substituted for the ellipse for 
practical purposes, but is decidedly inferior to it in point of 
regularity and beauty of contour, may be drawn by moans 
of circles in tho following manner : — 

1. Let A B, Fig. 125, bo a given transverse diameter; divide 


A B into three equal parts a o, 
ov, and vb. From o and 
V as centres, with o a or v b 
as a radius, describe tho 
equal circles d v f and ego, 
cutting each other in the 
points I and k. 

2. Drawtholincs KOD,ivG, 



Fig. 126. 


I OF, and KVE, cutting the circles in the points def and o. 


8. From i and k as centres, with kd or ig as a radius. 


D 8 
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describe the curvilineal tangents n e and r g, when the figure 
A D E B G F will be the ellipse required. 

A common method of drawing such a figure is by placing 
a sheet of paper round a cylindrical object, and with tha^ 
compasses describe the figure with the one radius at one 
operation from one centre. 

Or by drawing it, as in subjoined diagram, Fig. 120, the 
ends a c d, being divided into the same number of 



equal parts as the long sides ae, bd, which contain the 
larger equal divisions, and drawing the curve tangentially to 
the inner parts of the linos which are drawn between the 
several points.* 

Cycloid , — A cycloid may be defined by supposing it to be 
formed by the motion of any given point on the fioat-boards 


A 



of a paddle-wheel running through the water (for finding the 
curve, see Chapter XIX.), or on the periphery of a cart-wheel 
rolling along a level road. Thus the circle ab, Fig. 127, may 

* There are various methods of describing such curves geometrically 
and mcc'hanically. The reader is referred to works on the subject. 
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bo supposed to represent a cart-wheel rolling in the direction 
ABA, and A to be the given point in its periphery. Under 
these conditions the track of the point a during one revolu- 
tion will bo indicated by the curve line acaga, which is 
termed the cycloidal curve. 

EpycijcIoiiL — An epicycloid differs from the cycloid in 
this, that it is generated by a point in one circle rolling upon 
the circumference of another, instead of a level surface 



Catenary curve , — A curve assumed by a chain or cord of 
uniform substance and texture, when it is hung upon two 
points of suspension (whether those points bo in a horizontal 
plane or not), and left to adjust itself 
in equilibrio in a vertical plane. 

Sections , — If any object bo cut 
through in any part, cither of the two 
surfaces thus produced is called a sec- ^ 
tion. If a cylinder be cut through 
the middle lengthwise, the section is 
a rectangle. If it be cut through 
parallel to its ends, the section will be 129 . 

a circle. If, instead of cutting the cylinder parallel fo its 
ends, it be cut obliquely, as at bc, Fig. 129, the section will 
be an ellipse, as shown at a. 
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To descrihe 
oUlquchj, 

Let A 


the ellipse produced by cutting a cylinder 



tlio elevation of the cylinder, 
and cd the angle at which it is 
cut. Draw a half-plan b, of 
cylinder, divide b by any number 
of \ertical lines from efgliiy and 
produce them to meet the line c d, 
and through the points m, a, &c., 
vhere the vertical lines intersect 
it, draw the lines In, hp, &c., at 
right angles to c d, and on each 
of these lines set oif the points 
a 1), ap, each equal to g h on half- 
plan, and m I and in n each equal 
to / 0 or h r in half-plan b, and so 
on with the remaining breadths 
from plan. A curve lino passing 
through the points thus found will 
curve or ellipse at the section cd of 
cylinder as required, 

A conic section is the section obtained when a plane cuts 
a cone. Conic sections arc of live diherent kinds, namely : — 

1. Triangle, when the plane cuts the 
cone through its axis. 

2. Circle, when the plane cuts the 
cone at right angles to its axis, as at 
ah, Fig. 131. 

3. Ellipse, when the plane cuts tho 
cone obliquely, passing through tho two 
sides, as at c d. 

4. Parabola, when the plane cuts tho 
cone parallel to one side, as at e /. 

5. Hypcibola, vhen the plane cuts 
the cone so as neither to meet nor be parallel to tho opposite 
side, as at g lu 


be the 


Tiff. 130. 

form of 
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To describe the curves in cone sections. 

Of a parabola, or section parallel to one side of cone : — Let 
A, Fig. 132, be the cone and d e the section parallel to fh, a front 
view of which is required. Draw a centre line n' o, parallel to 
d r, cut the cone by the divisional lines (j Ji i k parallel to the 
base h c, draw a half-plan of cone b, and with radii equal to 



half-diamctor of the cone at each of the horizontal sections 
(j It i k describe the corresponding circles in plan n. From 
the points m, ??, &c., in the horizontal lines k, i, &c., where 
the sectional lino e d intersects them, draw the lines m g, 
n Pf (fee., at right angles to ed; and from the points w, n, 
&c., on sectional lines, draw vertical lines r to the plan, cut- 
ting their respective circles. Through centre of plan b draw 
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tlio horizontal centre lino st, corresponding to centre lino 
0 n\ on which the curve points arc to be laid off ; take the 
distance 7 ti from plan n and set it olF equally on each side of 
centre lino n! o — at y and c — this will represent the breadth 
on the base lino of figure ; then transfer the distance v x 
from plan equally to each side of the centre line o n at a 
and ii\ and so on, transferring each distance on plan to each 
side of the centre line o, on their respective lines. A curve 
line passing through the points will give the form of curve 
required. To find the form of curve in the same section c ^7, 
when observed from points at right angles to axis of cone, 
draw the vertical lines 1, 2, 3, 4, &c., at right angles to 
centre lino s 7 of plan n, and at equal distances to glii k in 
cone A, and from each of the points in the circles in the plan 



Kg. 133. 

where the vertical lines r cut them, draw the horizontal 
linos 5, G, 7, 8, &c., cutting their respective vertical lines 
2, 3, 4, &c. A curve lino passing through the intcrsec- 



HINTS ON GEOMETRY. 


63 


tional points will give the curve required ; a curve line pass- 
ing through the points in the circles in the plan whore the 
vertical lines r cut them, will also give a plan of the para- 
bola at the sectional lino d e. 

In describing the curve of a hyperbola, or section of a 
cone already referred to, the same process is gone through 
as in the last example. Let a, Fig. 133, be the cone, and a b 
the sectional line. Draw a half plan n, and sectional line 
e J ; draw a vertical centre lino I in, on each side of which 
the curve is to be sot off from the intersections in the plan 
B ; make c d and g h each equal to c/ and i Jc in the plan b, 
and so on, transferring the half-breadths from the plan b 
to each side of the centre line I vi equally from it on their 
respective linos. A curve line passing through the points 
will give the form of hyperbola as required. Or, produce the 
horizontal centre line n of plan b to o, and draw the vertical 
lines 1, 2, 8, &c., corresponding to the horizontal lines on 
side view of cone a ; and from the 
points in the circles in plan b, where 
the sectional lino e f intersects them, 
draw the horizontal lines x to the re- 
spective vertical lines 1, 2, 3, &c. 

A curve lino passing through the 
intersectional points will bo obviously 
the same as that set off at the line I m. 

In describing the curve of an 
ellipse, or the oblique section 
of a cone, the same operation is 
performed for finding the curve 
points as in the previous examples, a, 

Fig. 134, being the cone, b the plan, 
and c d the oblique line of section, 
through which the horizontal lines 
1, 2, 3, &c., are drawn, and to 
which the diameters of the circles Fijj. i34. 

in the plan correspond, as shown ; the vertical lines c, /, g, 
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&c., from the points in cone a, where the section cd cuts 
the horizontal lines 1, 2, 8, &c., are produced to the plan, 
and intersect the respective circles ; the half-breadths at the 
intersections are transferred to each side of the line of section 
c d, on the lines which arc at right angles to it. A curve lino 
passing through the points will give the form of ellipse as 
required ; * a curve line passing through the corresponding 
points in plan, w^hcrc the vertical lines intersect the circles, 
will give the plan of the ellipse. 

Envelopes, or Covering of Solids. — To find the envelope 
for a given cone. 

Let AUG, Fig. 135, be a cone whoso diameter is bo, and 
slant side b a ; it is required to find the envelope. 



From A as a centre, with the radius a c, describe a circle 
c D K, make c e equal in length to the circumference of the 
base of the cone and join a e; the figure a o e will be the 
envelope. 

* It may be necessary here to remark, that though the upper part 
of the section intersects the cone at a much less diameter in its length 
than at the lower part of the section, novortholoss each half of the 
ellipse from the middle of its length is identical. 
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To Jind the envelope of a given friistnim of a cone. 

Let F G B 0 , Fig. 136, be the frustrum of a cone whose base 
is B c, it is required to find the envelope. 

Produce n f c g until they meet at the point a ; from a as 





rip 130. 


a centre, and with the distance a g as a radius, describe the 
circle g n ; and from a as a centre with radius a o, describe 
the circle c e ; make c e equal to the circumference of the 
base of cone and join ae; the figure go tie will be the 
envelope required. 

The length of o e may be found approximately by describ- 
ing a semicircle b k c and dividing it into minute equal parts, 
and making the length c e equal to twice the number of such 
minute div isions, as in b k o. 

To find the envelope for a cglinder having one of the ends 
cut off at an angle to its sides. 

Let A dbg. Fig. 137, be the given cylinder, having one of 
its ends a d at an angle to its sides ; it is required to find the 
envelope. 

Upon the base b c draw a semicircle, w'hich divide into 
any number of equal parts (tho more parts the better), as at 
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1, 2, 8, &c., through these points draw the lines 1, 1 ; 2, 2 ; 
8, 3, &c., parallel to the side ab of the cylinder ; then mark 
olF as in the right-hand diagram, the line h i k equal to the 
circumference of the base of the cylinder; or, otherwise, 
equal to twice the semicircle drawn on b o. Upon h i k set 
off on each side of i the same number of equal divisions as 



in the semicircle bo, and draw lines as if, 1, 1'; 2, 2'; 8, 8'; 
&c., perpendicular to h i k. Make i f equal in length to b a, 
and H E and k g each equal to o d, also each of the perpen- 
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diculars equal to the lines in left-hand diagram, having the 
same figures, 1, 2, 3, &c. ; a lino drawn through these points 
will bo the form of the required curve for one side of the 
envelope, the whole of which is contained in the figure 

HEFGK.* _ 


To cover a dome fuivuoj the joints in vertical 
planes f supposing the atrial section given ^ and 
also the breadth of the base of the envelop)e. 
Let ABC, Fig. 138, be the axial section, 
and K / the base of the envelope ; the 
length c E is made equal to the curve a b c, 
and divided into the same number of equal 



Fig. 138. 


parts; join//j, and through the points of division, 1, 2, 3, 
draw linos parallel to the base a //, then the lines intersected 
between the axis c h and / h will be the half-breadth of the 
envelope at the corresponding divisions on o e, through which 
points draw the curve /e and ee, which will give the form 
of envelope required as e k /. f 

^ * The foregoing is useful, practically, for making the elbows of 
pipes of sheet metal, saving much timo and trouble, and avoiding 
waste of material. 

Much the same process is used in the foimation of the spherical 
ends of round boilers, allowance being made fur a greater diameter at 
one side than the other for overlap of plate for riveting. 

Geometry, as applied to drawing ordinary engineoring details, will 
be found in Chapter XTTT. 
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CHAPTER XII. 

DRAWING FROM A COPY. 

Copies to be drawn from should either be drawn by hand, or 
engravings or lithographs, but not wood- cuts, as their lines 
are never so fine, or their shadows as distinct. A beginner 
especially should never use wood-cuts to copy from, unless 
they are very plain indeed. 

If there are several copies of the engraving or lithograph 
from which a drawing is to be made, the same copy should 
always bo used, as rarely any two impressions of the same 
plate are exactly of the same length and breadth, on account 
of the inequality of the moisture, and consequent unequal 
expansion of the different sheets when printed. 

In drawing, time is not so much an object as correctness, 
though in actual business, the quicker a plain drawing is 
mp do the better, if correct. 

ileforo drawing from the copy (original), a cutting-off line 
should be drawn all round the stretched sheet a little way 
inwards from the part adhering to the board ; in a largo 
sheet it should bo at least one inch inwards from the outer 
edge of the paper, so as to be quite clear of the gum joint.* 

Nothing detracts so much from the look of a good drawing 
as a too small margin. A drawing occupying a space of 1 
foot or 15 inches square over all, should have at least a 
clear margin of 5 inches equally all round, with the border 
line from to 2 inches from cut-off edge of paper; and 
other sizes in proportion. 

By measuring, the middle of the sheet each way should 
bo found ; the centres also of all the views to bo drawn 
should be put in from the copy.f Supposing there are to 

* Tho space thus mai’ked off is also useful upon which to try tho 
drawing-pen before drawing a line when inking-in a drawing, or for 
trying tho tint when colouiing (when tho drawing is not covered over 
in tho manner described in a previous chapter). 

t For a beginner, tho drawing to be made should bo of the same 
size as the copy (or original). 
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be three elevatioual views and a plan. It is usual in a pro- 
perly got up enginering di’awing to place the plan above the 
side elevation, and central on the paper if possible. End 
elevations, or sections, should bo to the right and left of the 
principal elevation. 

In copying from a tracing it is essential to put a sheet of 
drawing paper underneath the tracing ; it not only shows the 
lines to more advantage, but prevents the compasses tearing 
it while taking off measurements. 

All measurements should be taken in the exact direction 
of the distance to bo measured, or an obviously incorrect 
distance will bo the result. The same rule applies when 
transferring the distance to the drawing about to be made. 

In taking a measurement from the copy, it is better to 
first open the compasses and then close them to the dis- 
tance, than to place the leg point on one extreme of the 
distance, and then open them to the other ; the right hand 
holding the compasses resting on the copy and also on the 
paper while transferring it. In making the mark, the com- 
pass point should never bo pushed into the paper, a slight 
mark being all that is necessary ; a fine pointed pencil will 
render the mark more visible if required. 

From the centre of the copy the distance of the base line 
of the elevations should be found by foot rule or slip of 
paper, transferring the same to the sheet to bo drawn upon, 
and draw the base line, holding the pencil as directed in 
Chapter X., and not pressing too heavily, or superfluous lines 
will bo difiicult to rub out, and the fine point apt to break. 
Take, by the same process, the distances from centre of 
copy to the centres, right and left, of the several views, 
transferring them to the sheet, and drawing in these respec- 
tive centre lines of the views required to be drawn. Find 
the distances from base lino to all the principal working 
centres, and transfer them to the sheet, as well as their 
positions laterally; and then general distances, and fill 
up between with the details, making it a rule to put in 



70 


DRAWING FROM A COVY. 


centre lines for any objects which are to have both sides 
equally distant from it. Eecourse must be had to light 
pencil centre linos on the drawing to bo copied from, where 
necessary, to measure from. Pencil lines should exceed 
the proi)cr length a good deal, so as to see where to ter- 
minate other linos meeting them. In making a wrong 
pencil line among finished pencil details it is better only to 
scroll it out with the pencil than to rub it out with the 
india-rubher, which is apt to obliterate more than is 
wished. 

The centre lines in all cases, in machinery drawing espe- 
cially, must be correctly placed, as, in making a real machine 
from a working drawing its correct working depends on that. 
When an object has both sides alike the half of the whole 
diameter, or breadth, should be taken from the centre line in 
copy, observing also that the same distance agrees with the 
other half from centre lino before transferring it, thus proving 
it correct for such whole breadth. With the correct half of 
diameter the distance is then transferred to each side of cor- 
responding centre lino on sheet to be drawn upon. When 
drawing by artificial light, measurements can be taken with 
the fine point of the pencil of the compasses, which will 
show a mark when transferring a size to the paper, though 
this instrument should not be used if a mark from the com- 


passes can be seen at all. 

In drawing circular details, a little temporary pencil 
mark, as shown at a. Fig. 139, should be put around the 



Fig. 131). 


centre of a circle while the eye rests 
on it, and arcs of circles which are 
united, having different radii, should 
have a temporary pencil line drawn 
from each centre to its respective 


arc, as shown at b c and il, so that when about to ink in the 


drawing, centres of the required circles can be readily found. 


In drawing large pencil circles with the largo compasses, 


and more especially with a lengthening bar attached, the 
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pencil end should never be touched while drawing the circle, 
the compasses being held by the top only.* 

In copying a plain drawing in a hurry, it saves much time 
to place the copy at the right hand side of the sheet, fair and 
square to the board, and hold by weights or pins at the cor- 
ners. With the T-square placed at the horizontal lines of the 
copy, corresponding lines can be drawn on the new sheet. 
Having done these, the copy can then be placed at the top 
of the sheet, and the vortical lines or breadths similarly 
drawn in with the T-square. Of course this method cannot 
be so well relied on ; for, should the copy be a little in- 
correct, there is not the advantage of finding tho exact 
measurement on each side of a centre of a whole breadth, 
neither is it good practice for a beginner, who has to learn 
to take correct measurements. When only one view of a 
steam-engine has to bo made from a drawing whore two or 
throe views are shown, tho side elevation (or tho view 
showing the crank breadth) is the most likely to explain on 
what principle it is constructed. The side elevation of most 
machinery other than the steam-engine, would generally 
give the best idea of the construction, when only one view 
is to be shown. 

In a drawing having a front and side elevation and plan, 
the former two should agree in all points in the several 
heights, and tho breadths of tho plan should agree in all 
points with tho front elevation above which it is placed ; 
and in making such drawings one measurement should be 
sufficient for a height for cither a front or side view, or a 
breadth in side view and plan, tho T-square being used to 
draw the respective height across for the two former, and 
placed vertically for the breadths of the two latter. 

If two views are to be shown of tho same machine, with 

* If a circle has to he made larger than the ordinary lengthening bar 
will admit of, and to save the expense of beam compasses, already 
referred to in Chapter IV., a piece of flat wood may be tied securely 
to the compasses, having the ordinary pencil foot at the other end, 
and at tho proper disl'incc. 



72 


DTlAWiNG FKOM A COPY. 


llic working parts in a different position, having once got 
the centre lines in each view, one measurement by com- 
passes should be applied to the corresponding pait in each 
of such views, and thus save time by not doing the same 
thing twice over. 

In making a full-sized copy of any irregular figure, it is 
sometimes tho practice to lay the copy over a blank sheet 
and to prick it through with a fine noodle fastened in top 
end of pencil, or with tho pricker generally attached to 
drawing-pen handles. This, however, is not so good as 
tracing the figure from tho copy, then turning tho tracing 
over, and retracing on tho back of the figure first traced ; 
lastly, laying tho tracing in proper position on tho drawing 
paper and going over tho figure with a hard pencil, there 
will bo loft a sufiicicntly distinct lino to ink in by. 

Tho method of tracing is also useful in making an irre- 
gular figure, or combination of curves, when the same figure 
is to bo shown on each side of a centre lino. Having traced 
tho figure on one side of the centre lino by the pencil, draw 
a centre lino also on it, and transfer the tracing to the sheet 
on which it is to be drawn — having also its centre lino, with 
which tho line on tracing must correspond — and proceed as 
before explained. In measuring an irregular figure from a 
copy, such as is shown in subjoined diagram, Fig. 140, draw 
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a lino a and divide the line by any number of divisional 
lines across and square to a h ; make similar lines on tho part 
of sheet on which tho figure is to be drawn ; then measure 
from the lino a h to edge where tho cross lines intersect, 

♦ Pricking through is generally resoried to by shiphuilders in 
making a copy of a drawing, hut if froqiKiitly performed fiom the 
same original, the latter becomes so full of little holes as to destroy the 
flrawing. 
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which will give all tho points through which the curve is to 
pass. In a regular curve, the line can be drawn with a 
baton and weights, as shown at Fig. lil, or by tho moulds 
described in Chapter IV. 



Fig 111 . 


In measuring lines from a copy when they arc not con- 
tinuous, as shown at a, Fig. 142, draw a pencil line to />, in 
direction / a in copy, and from a to c in dii’cction a e. The 
measurement can then bo taken from a given point, or 
centre lino, in base lino to c, and also from d to h. Pro- 
ducing/ a to mark off tho length h a, join a c; then mark 
off the length c c, and if e (j is parallel to a />, take the 
parallel rulers, holding the bar of rulers next to you firm 
with tho left hand, and sot tho edge of tho other bar to a h, 
move back to e g by tho right band, and draw tho lino. 


f 
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In drawing such objects as tho side view of an oscillating 
cylinder, or anything similar, and inclined, a perpendicular 
should be raised for one line square to tho centre lino of tho 
object, and any other linos which require to bo so, made 
parallel to it. 

In drawing tho sides of any barrelled ” rod, those which 
are thicker at the centre than at the ends, such as connecting 
rods, tho ends or necks af and ed^ Fig. 143, and tho diameter 

£ 
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at tho middle, h c, are first marked off, and if a circle, and 
not too large for the compasses, tho radius is found as 
already described in the last Chapter (XI.). But if too largo, 
recourse must be had to a mould, being the segment of a 
circle large enough. If not a part of a circle, probably a 
panibolic mould for one half of the length (being a varying 
curve) would suit ; and if so, the form must bo drawn only 
as far as n h, a mark being put on edge of mould at the 
centre lino h (which is iilwny'^ better than at the extremes, 
as at a or e), and tho mould then turned over and the mark 
on edge of mould being made to coincide wiih centre at h, 
the other h<ilf, h e, can be drawn, making tho two ends of 
the curve equal. The pi*ocess is performed again for/c and 
c (L A stiff baton and eights, as described in Cha])ter IV., 
might do very veil, marking more diameters hi the length 
of the object. 

llnnUCING OR ENLARCiINO A DRAWING FROM A CoPY. 

To make a drawing half the size ^ of copy, tho half of 
ever} thing should be taken, keeping to tho same rule in 
regard to drawing in base lino, centre lines, and genei’al 
heights as has boon already described. If a drawing is to 
be made twice tho ske of copy, vholo diameters, &c., are 
taken and transferred on each side of the several centre 
lines, doubling the heights, (^c. Propoi'tional compasses 
(reference to which will be found in Chaptc'r IV.) are gene- 
rally used for such purposes. 

AVheii reducing by scales, it is not essential to use tho 
same scale as that to which the original is made : for in- 
stance, if a drawing is to bo made half the size of another 
drawing whose scale is 1 inch to 1 foot, instead of applying 
an inch scale to the original drawing, and using a half-inch 
scale for reduced copy, any scale may bo apidicd to tho 
original, the reduced drawing being made to another scale 
in the proportion of 1 to 2 to the greater. 

♦ Which means half the Bcalc of copy, therefore coveiing only a 
quaii/cr of the area. 
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The same remarks apply to drawings to bo made to a 
larger scale * than an original, proportion between the two 
scales being all that is required. When a drawing is to be 
enlarged to more than double, or less than half the size of 
the original, and if a scale or proportional compasses are 
not used for the purpose, it is better to take whole sizes 
from the original, and transfer such measurements to the 
margin of the sheet to be drawn upon, from which the 
desired proportion can bo taken, as dividing by trial and 
error on a good drawing destroys its appearance by the 
numerous marks made by the compasses. 

Before going into the process of inking-in a drawing, 
which will bo treated of in Chapter XIV., preparation for 
drawing from a model or from large machinery, such as a 
steam-engine, requires some farther instruction than in 
simply describing the making of a drawing from a copy. 


CHAPTEB XIII. 

DRAWINO FROM IMODELS AND LARGE ]Vr XCIIINERY. 

In drawing from a model, it is seldom necessary to make 
any sketch for marking the sizes on previously, a narrow 
strip of wood for taking oil the heights. See,, compasses, 
external and internal calibers, being sulUciont to transfer, as 
it were, the model to the paper. 

In taking the measurements from a largo engine or 
machinery to bo drawn to a scale, more appliances are 
requisite ; though in drawing to a scale we proceed much in 
the same way as in drawing from a copy, as regards all the 
centre-line work, &c. If a model is to bo drawn to the 

* If twice the scale of the originaJ, it wonhl bo equal to four times 
the area. 
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same size, there is nearly as much merit in doing that well 
as when a greater or loss size is wanted, correctness in 
either case being the principal thing. For large machinery 
it is necessary to bo able to sketch well by hand, and this 
requires practice. Paper ruled down and across is fre- 
quently used — heavy lines showing feet, and light lines 
inches.* By rough measurements, a view can be sketched 
on the ruled paper bearing nearly the proper proportions of 
the parts, and on which the right dimensions are marked 
accurately after measuring more correctly. But the more 
common way is to make the sketches in a book having no 
ruled lines. The larger paged such book is, the better ; and 
if less than half an inch thick it cannot comfortably be held 
fiat for the operation. The following also are requisites : — 
a two-foot rule with slide, to go into narrow apertures, a 
straight-edge, a steel draw-point, a large workshop square, 
external and internal calibers, an ordinary pencil, and a tape 
line. In most cases an assistant is necessary ; in others, a 
tape line with a hook (instead of a ring) will bo found con- 
venient ; a light straight-edge, 10 feet long or so, with feet 
and inches marked on the side at edge, will also be found 
useful. 

As it is necessary to have the entire arrangement of the 
machine before you when commencing to make your draw- 
ing to a scale, a complete sketch of side elevation or view to 
be drawn is to be made in the sketch-book. On this the 
principal lengths and heights over all are marked, and 
heights of working centres from a level line, such as the 
lower edge of bottom plate, if an engine, or bed plate of any 
machine ; and, having found the centre of the machine, all 
the distances right and left from that centre to the working 
centres in feet and inches should be marked. In marking 
feet and inches, one tick above feet indicates feet, and two 
tinks above inches will indicate inches. The distances 


♦ PiicG 1«. per sheet. 
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between two extremes are shown as in diagram, Fig. 144. 


If inches only have to bo 
marked, a cipher and one 
tick placed above it should 
bo put for no feet, and if 
feet and no inches are to bo 



l^ig. 144. 


marked, a cipher and two ticks placed above it should 
be put for no inches. By observing this rule a deal of 
trouble will be saved; otherwise, when laying down the 
drawing to a scale from the sketch sizes, it is sometimes 
impossible to tell when only inches are intended ; and, with 
the tick or ticks absent, whether such figure is for inches 
only, or for both feet and inches ; for instance, 13, in- 
tended to bo inches, may bo taken for 1 foot three inches. 

Having sketched in such different views in the manner 
described, with the general distances and dimensions, the 
different parts must then be sketched in detail, largo enough 
to mark the particular sizes upon, and this on a fresh page 
of sketch book, placing all the different views of the one 
object together, as is represented in diagram. Fig. 145, show- 



Fig. Ho 


ing a common engine link, — the upper being the face, and 
the lower the side views. The distance between the centres 
a and if the eyes are of the same diameter, can bo easily 
found, by measuring from the inner part of the diameter of 
one to the outer part of the diameter of the other, as at c d ; 
if both ends are alike, of course it will only be necessary to 
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mark the sizes once, though all the sizes may be distributed 
in both ends and marked so in sketch. In taking diameters 
with the calibers, they should just touch, and never be 
pressed on, or they would give the size inaccurately, in 
consequence of their springing again inwards when removed 
from the object. 

In drawing an object like that described to a scale, the 
centre lines in the long direction should be first drawn, then 
the centre lines across at each eye, and from these centres 
the other lengths follow as measured. In a full-sized 
working drawing on paper, the centre lines should be put in 
in red ink, and iron and brass sections by their respective 
colours. In sketching circles from 2 to 6 inches diameter, 
a very round one can bo made by holding the pencil in the 
same way as in writing, and placing the little finger in 
position as a compass-leg and turning the paper round upon 
a smooth surfixco by the left hand and holding the pencil 
steadily with the right. 

In measuring toothed wheels, the diameter is taken at the 
pitch lino, as shown at a d. Fig. 14.0, which coincides with the 
line of contact of teeth when geared. The pitch of teeth, or 
distance from the centre of one tooth to the centre of tooth 



Tjg. 146. 
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adjoining, as at h c, is also measured on the pitch line. For 
form and proportion of teeth see further on. 

In measuring inconvenient objects and distances, as, for 
instance, between two columns a and h (Fig 147), take t’v^o 
pieces of convenient material, or straight-edges, c and c, 
which, for obvious reasons, must bo of greater length than 
half the distance between the columns ; place the one above 
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tlio other, as shown in diagram, and their extremities in 
contact with the columns, and either measuring the distance 
on the straight-edges while so held, or by putting a mark 
with the draW'point or pencil at the end of upper straight- 
edge c at c, they can then be taken down and the length 
measured ; and adding half a diameter of each column for the 
distance from centre to centre, if such measurement is re- 
quired, or if the columns are of the same diameter, add one 
diameter only. If the columns are tapered, care must be taken 
to mark the exact place on the columns where the distance 
was taken, so as to take the diameters at the same place. 

The subjoined diagram, Fig. 148, shows another way of 
measuring objects similar to that which has just been described, 
though in this case some assistance is required. I>y placing a 
long parallel straight-edge against the two columns, and with 



Fig. 118 


a square placed in the positions as shown, and by making a 
mark on straight-edge at a and h, if the columns arc of the 
same diameter, this one measurement will give the distance 
from centre to centre. 

In taking the outside diameter of a largo round object, 
such as a cylinder five or six feet diameter, when it cannot be 
measured across at either end conveniently, the easiest way 
is to place straight-edges, one on each opposite side of the 
cylinder, and so held as to bo firm enough to measure the 
distance between the straight-edges by another straight-edge 
at their extremes. If the distance between is the same at 
each end, that will give the outside diameter. This is more 
in reference to a cylinder placed vertically. If lying hori- 
zontally, and the ends, from their surroundings, cannot be 
conveniently got at, a stout straight-edge should be sot 
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firmly acrobs the top side and propped up below to keep it 
quite level, "which it must be ; a plummet can then be held 
against the straight-edge and one side of the cylinder, and 
the place of the string marked on the straight-edge ; by 
repeating this process for the opposite side of cylinder, 
the distance between such marks will be the outside dia« 
meter. If a cylinder has a square flange at top or bottom 
it generally facilitates the measurement of the diameter, as 
the length of the sides is easily taken, and tho distance 
measured from them to outer diameter of cylinder. 

In measuring any irregular figure, as in the subjoined 
diagram, Fig. 149, place a straight-edge in a convenient posi- 



tion, and hold firmly by weights on the object, then mark 
ofl any number of dhisions along the edge c d (the distances 
between which should be marked on tho sketch in note- 
book), the lines a from divisions being drawn with a square 
by chalk or a draw-point ; having completed these lines all 
along tho length of object, the breadths can bo measured 
on these lines from the straight-edge to tho side of the 
object, and each marked on its corresponding divisional 
lino in sketch. Having drawn a lino at c d tho straight- 
edge can then bo removed, and the lines a produced across 
to the side b of the object, and the breadths measured on 
that side from the line c d to the edge. 

It is hardly necessary to add, that the first thing to be 
done in making the di awing of such object to a scale is 
to draw the straight line c d, with tho divisional lines 
following. 
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In taking the size of a six-sided nut of which a drawing is 
to be made, the measurement should be 
taken across its greatest diameter, as at a. 

Fig. 150. 

Longitudinal sectional elevations (or ob- 
jects cut through lengthways vertically), 
longitudinal sectional plans (or objects Rig. i50. 
cut through lengthways horizontally), and transverse sec- 
tions (or objects cut through across vertically), are neces- 
sary drawings at all times, .and to get measurements from 
the actual engine to make such drawings is often an impossi- 
bility, however essential it is to show internal arrange- 
ments, often made in the casting of a piece of machinery 
and never seen again unless broken up. There is often no 
other way of showing the thickness of material than a section. 
K the object in question is in process of construction in the 
factory the only resort for what is required lor the purpose 
is the largo original working drawings which show the 
structure of the interior parts. 

In drawings of machinery it is usual to place the plan 
above the side elevation and central on the paper if possible. 
End elevations or sections should bo to the right and left of 
the principal elevation, and adjoining the end of the eleva- 
tion which they severally represent. 

When only one view of a steam-engine has to be made, 
the side elevation (or the view showing the crank breadth) 
is the most likely to explain on what principle it is con- 
structed. The side elevation of most machinery, other than 
the steam-engine, would generally give the best idea of the 
construction, when only one view is to be shown. 

If two views are to be shown of the same machine, with 
the working parts in a different position, having once got the 
centre lines in each view, one measurement by compasses 
should be applied to the corresponding part in each of such 
views, and thus save time by not doing the same thing twice 
over. 
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Differ eut views of the same object on the same sheet 
should be equidistant from their several extremes, and if 
there are to bo two or throe sots of views of different objects 
on the same sheet there ought to bo a greater space between 
each set than the distance between the individual views of 
each set. If on the same sheet of paper different details are 
to bo drawn to different scales, the things of most importance 
and those most intricate should be drawn to the larger scale. 

Sections surrounded by other views of the same object 
should have it stated where it is taken through, the letters 
having reference to the other views which have corresponding 
letters where such section is taken. 

In finished pictorial sections, the parts that would be 
visible in the real machine, beyond and around the section, 
are generally shown, though in a sectional working drawing 
for the workshop the section only is all that is necessary, it 
not being intended to produce a pictorial view, but to show 
the actual thickness, &c., of material at the part sectioned. 

In the little example of sections subjoined, Fig. 151, the 



Fig. 151. 

part g is seen projecting beyond the sectional part, being a 
plan of the base adjoining. In actual working drawings for 
factory use it would not be necessary to show it, if the 
sectional part only was required. If the dimensions of g 
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were really required, it can be got from the sectional eleva- 
tion at hi and in front view from the breadth de*, the 
sectional plan shown at g being through h c, and the longi- 
tudinal section at h through i k. 

In some cases dotted lines suffice to show an internal part, 
as in the three views of tho objects shown at Fig. 151, if the 
drawing is merely an outline ; but it is more satisfactory to 
have it in section, as shown at g and li. A pictorial drawing 
should never have dotted lines. 

When all tho necessary dimensions are carefully noted 
down in the sketch-book, and tho paper stretched on tho 
board ready for drawing on, the scale must bo chosen to 
suit the number and size of the views to be drawn, and the 
dimensions of the paper to bo drawn upon (though tho former 
generally determines the latter). Find how much the entire 
length and height will occupy to the scale, allowing for tho 
necessary space between each view to bo drawn, so as to 
place the whole in tho middle of the sheet, leaving an equal 
margin around, as described in the preceding chapter. 

If instead of using tho ordinary scales referred to in 
Chapter V., it is found more convenient to make a scale 
suitable for tho required purpose, it is better, instead of 
making tho permanent scale at first, to make it on the margin 
of the sheet on which tho drawing is to bo made, as it has to 
undergo a good deal of tear and wear from the compasses ; 
and when tho drawing is finished a scale can easily be copied 
from the margin scale into its proper place on the drawing. 
In making such scales to any part of a foot, for instance 
a scale of a quarter of an inch to the foot, it would not bo 
BO correct to take a quarter of an inch by tho compasses from 
the foot rule to divide tho scale lino into the number of feet 
required. Supposing 20 feet are nccessaiy to tho scale line^ 
it is the more correct way to mark off the whole measure for 
20 feet, or 6 inches, and to divide this into five equal parts, 
and these again into four equal parts or quarters of an inch — 
the whole will then be 20 feet as required. A scale for a 
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plain engineering drawing should be one fine straight line 
divided into the required number of feet, leaving the inches 
clear of the first foot and shown to the left, thus : — 

12 9 6 ;? O 1 i2 41- 

1 1 1 1 1 1 1 1 1 1 1 ii I ; j I j 

Scctle iiicK-lfoot. 

Fig. 152. 

The inch divisions at 3, 6, and 9, should project up a little 
beyond the intervening inches, as it facilitates taking a 
measurement in inches. 

It is better to say how much the scale is to the foot, 
underneath it, when it is to any known part of a foot, which 
it is better to be, as the foot rule can be applied to any part 
of the drawing of greater length than the scale attached to it. 

In taking a measurement by the compasses from the scale, 
they should be opened sufficiently wide, so that when one 
leg point is put on the division for feet the opposite leg is 
.dosed to the inches ; this being more convenient than 
opening them to the exact divisions of the scale. (See 
Scales, Chapter V.) 

To find the centre line of cylinder and fly-wheel shaft in a 
beam engine. 

Let the horizontal line cec. Fig. 153, be the centre 
line of beam or lever when at half stroke — and e the 
centre. With the half length of beam e c, and from e as a 
centre, describe the radius f eg at each end, as shown ; set 
off the extremities of the stroke or vibration of beam at 
f and g^ a half on each side of centre line ce c, and join/^ 
by a vertical line, intersecting the horizontal lino cec at i; 
bisect ci at ^?, and through the point d draw the vertical 
line d /c, which will be the centre lines of cylinder and crank 
shaft. ♦ To find the position of crank at half stroke. — With 
half stroke (or distance if) as a radius, and on the line d /p, 

^ The centre of shaft is sometimes placed vertically from the end d 
'){ levor. 
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from I as a centre, describe the circle n — indicating the path 
of crank. The length of the connecting rod is taken from 
the point c to the centre of shaft L With the radius c I 



describe the arc Zm, cutting the circle n at w?, and join Im 
by a straight line, which will be centre line of crank at either 
side of the shaft, when the lever is at half stroke. 

In condensing engines the centre of air-pump is found by 
describing an arc from c as a centre, through the given 
centre for working the pump, on lever between e and c, in 
the same manner as for the cylinder centre line. In marine 
side-lever engines the annexed diagram applies equally, the 
lever being placed below the crank being the only difference. 
The position of the crank of an oscillating, or of any de- 
scription of connecting rod engine at half stroke is the same. 

The civil architecture most frequently adopted in frame- 
work and columns for engineering purposes are the Tuscan, 
Grecian, and Koman Doric orders.* 

Kegular mouldings are eight in number, and are named — 
* Tor examples of which, with their proportions, see Appendix, Part I. 
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tie Fillet, or Band, the Torus, the Astragal, or Bead, the 
Ovolo, the Cavetto, the Cjrma-recta, tho Cyma-reversa, or 
Talon, and the Scotia. 

The Fillet, a, Fig. 154, is the smallest rectangular member 


d 


Fig. 164. 

in any composition of mouldings. When it stands upon a 
flat surface its projection from the surface is generally made 
equal to its heigh^ It is frequently employed to separate 
other members. 

To describe the ToruSy Fig. 165, lot ab bo tho vortical 
diameter fiom which the Torus projects ; bisect a b in c ; 
from c, with the radius c a or c &, describe tho semicircle b da, 
which will be the profile of the Torus. This is surmounted 
by a fillet h e, and being of a rope-like shape (like thq^ 
Astragal) is intended to bind and strengthen the parts to 
which it is applied. 

The Astragal is described in the same way as tho Torus^ 
the only distinction between them being that, when employe4 
in the same order, tho Astragal is smaller than the Torus* 
The latter is generally employed in the bases of columns, 
the Astragal both in bases and capitals. 

Tho Homan Ovolo consists of a quadrant or a less portion 
of a circle, and is described at a, Fig. 156, tho height and 
projection being given. First, lot the height bo equal to the 
projection, draw a b equal to the height, and be at right 
angles with, and equal to, ah, for the projection. The 
quadrant a c described from the centre h, with a radius b a, 



Fig. 156. 
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or b Cy is the contour of the Ovola. But *when the projection 
is less than the height, as in b, draw a h and 3 c as before, 
at right angles, ah being the height, and h c the projection. 
From the point a draw an arc of a circle b d, with the radius 



Fig. 150. 


a by and from the point c, with the same radius, describe 
another arc, cutting the former arc at d ; the point d is the 
centre from which the Ovolo is to be described, with the 
radius da ox dc. 

The Greek Ovolo, Fig. 157, unlike the Roman Ovolo, 
cannot be described by means of circular arcs, but must bo 
described by finding a 
number of points in it. 

For this purpose draw 
the line a c from the 
lower extremity r?, in- 
dicating the inclination 
of the curve at that 
point; draw also the ver- 
tical line dhc through 
the extreme point or 
projection of the curve. 

Draw h e parallel io c a, 
and a cf parallel to 
c b ; make e f equal to a e; divide the lines e h and 
b c into the same convenient number of equal parts ; draw 
straight lines from the point a to the points of division 
ia be, and similarly, draw straight lines from the point /, 
through the points of division in b e, meeting successively 



Fjg 167. 
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the lines drawn from a to 5 c ; the points of intersection of 
the pairs of lines thus drawn will be as many points m the 
contour of the moulding, and a curve lino drawn so as to 
embrace these points will be the greater pait of the contour. 



Fig 158. 

The remaining part h g, if required to bo determined in the 
same manner, may be found by drawing lines from a instead 
of/, through the points in I e, and from /to bd, instead of 
from a to he; of course this will give a good deal more of 
the curve than is necessary. The curve drawn in this 



AND LAT^GE MACHINERY* 


89 


manner is a portion of an ellipse, somewhat greater than a 
fourth of tho whole circumference. The recess of the 
moulding, Igd, at its projecting point is denominated a 
quirck. Fig. 157 is from its great projection relatively to its 
height, adapted for capitals of Doric columns. With less 
projection it would be suitable for entablatures. 

To describe the hyperbolical Ovolo, Fig. 158, as employed 
in Doric capitals ; having given the projection b of the curve 
and the lower extremity a. Draw the line acm the direc- 
tion of the lower end of the curve, and b c vertically through 
the point b ; draw a g vertically from a, and h e and c d per- 
pendicular to ag\ set oE ef equal to a d, and e g equal to 
a e ; join h f and divide bf and h c into the same convenient 
number of equal parts; draw straight linos from a to the 
points of division in b c, and also straight lines from g through 
the points in/ 6 ; tho successive intersections of these lines, 
as in tho foregoing case, are tho positions of as many points 
in tho contour. This is the general form of tho Ovolos in tho 
capitals of the Grecian Doric. It will bo seen that the lower 
part towards a is nearly straight, and is succeeded by four 
fillets, shown in section on a largo scale, and rounded away 
on the under sides into the fundamental lino n o. 

The Cavetto, Figs. 159, 160, 161, is the reverse of the 



iig 159. Fig 160. 

Ovolo, and both in regard to form and to the weakness of the 
extreme parts, is well adapted for purposes of shelter for the 
other members. It is always employed as a finishing, and is 
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applied where strength is required. It is never used in 
bases or capitals, but frequently in entablatures ; thus, in 
the Roman Doric order, it forms the crowning member of the 
cornice, and is evidently employed to overhang and shield 
the under members. 


The Cavetto is described in the same way as the Roman 
0\ olo, by nrcs of circles, which may bo cither full quadrants 

or less. The Greek Cavetto, 
~~ Fig. 161, is somewhat cllipti- 

'T o cal, and may be described by 

I ^ combination of two circular 

J y ! arcs, thus : Let ah he the 

’I '/I <i\ projection of the moulding, 

|/ \ and ac the vertical line; 

7 from the point h draw h d 

( I ^ y vertically from Z>, and make 

I it equal to h c, which is two- 

V thirds of ha; from the cen- 

— ^ ^ „ tro d describe the arc h i ; 

draw i n perpendicular to 
e df make n o equal to n draw o 2> perpendicular to a c, and 
meeting e d produced in 2h from the centre p thus found 
describe the arc i o. The contour h lo c will represent the 
Greek Cavetto. 

The Conge or Scape, Figs. 162 and 163, is a species of 
Cavetto, and is not recognised as a distinct moulding. In 
section it is partly concave and partly straight, the latter 
being vertical. It is employed in the columns of some of 
the orders, for joining the capitals and bases to the shafts. 
Let a hf Fig. 162, bo the projection of the moulding from 
the vertical lino a e, which it is required to touch ; and 
first, if the projection ah is equal to the height of the curve, 
make a c equal io ah; and from the points h and c as centres, 
with a & or (I c as a radius, describe the arcs intersecting 
at d ; from d with the same radius describe the arc h c, which 
will complete the contour of the Conge. Or the centre d 
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may likewise bo found by drawing h d vertically, and making 
it equal to a b. 

If the Congo contains less than a -quarter of a circle, as in 
Fig. 1G3, let he bo the tangent to the curve at tbo point h ; 
on tbo vertical a /, set off tbo distance c d equal to cb ; draw 



I ig. lOJ. 1 ig. Ib3. 


6 ^ at right angles to b c, and d c at right angles to cd; from 
tbo point pf as a centre, describe tbo aic bd, which will 
complete the contour of tbo moulding b d /. 

To describe the Homan Cyma-rectOf or Ogee, Fig. 164, join 
the point of recess a to the point of projection b by the line 



Fig. 161. Fig. 165. 


o b ; bisect a & in c ; with the distance b c from the points c, b, 
describe the intersection e ; and from tbo points a, c, with the 
same distance, describe the intersection d ; from d, with the 
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distance da or dc, describe the arc a c ; and from e, with 
the distance eh or cc, describe the arc h c ; and acb will be 
the contour of the Cyma-recta required. The projection of 
the upper end of the curve over the under, as n h, Fig. 164, 
is generally equal to the height of a n of the moulding. If 
the curve is required to bo made rounder, we have only to 
use a loss radius than that of a c or c ?>, in order to describe 
the two portions of its contour. 

The same description applies to the Cyma-reversa, Fig. 
165, letter for letter. 

The Greek Cyma-recta is little different from that just 
described, except that its projection over the under fillet is 
less than that of the latter, and that its curvature is also 
less. 

The nature of the Greek Cyma-reversa, or Talon, is repre- 
sented in Fig. 106. To construct the moulding, join the 

points a h, the extremities of 

I I the curve ; bisect a 6 at the 

f/' \''' point c; upon hc^ as a dia- 
’ "7^ meter, describe the semicircle 
c d h, and on a c describe tho 
semicircle acc; draw perpen- 
diculars d 0 and e f from any 
number of points in ic and 
c a, meeting tho circumferences 
of the semicircles ; from the 
same points draw a series of horizontal lines, as represented 
in the figure, equal in length to the corresponding perpen- 
diculars, on equal o d,fe equal iofg, &c. The curve line 
hneg a, drawn through tho extremities of the lines, will be 
the contour of the moulding. 

The curve might be made flatter by using arcs of circles 
of a greater diameter than a c or ch, as the height, o d, of 
the arcs would not be so great as it is in the figure. This 
will be exemplified in describing Fig, 169 following. If the 
upper part bn c ho required to be larger than the under part 



Fig. 165. 



AND LARGE MACHINERY, 


93 


e a, of the contour, this may bo effected by shifting the point 
c nearer to a before drawing the circular arcs. 

The Cyma, like the Cavetto, is always used as a finishing, 
and never applied when strength is required. 


To desenhe the Scolutf Fig. 167, the extremities a and b oj 
the curve being given . — Draw the perpendicular ac, then h c 
is the projection of the curve or moulding ; draw the per- 
pendicular h e : add one-half of a c and two-thirds h c into 
one length, which set off from h to d ; from the centre d. 




Fig. 168. 


with the radius bd^ describe the semicircle bfe; join ca, 
and produce it to f; then join df, cutting acin g; from 
as a centre, describe the arc a f ; this arc, in conjunction 
with bf, forms the contour, a/i, of the Scotia. 

Another mode of describing the Scotia is shown in Fig. 168. 
Join a and b, and bisect ab in c ; draw ecd horizontally, 
and make c d equal to the required recess of the curve, and 
c e equal io cd\ draw fd g parallel io ab) divide a f and a c 
into the same convenient number of equal parts, and to the 
points of division in a/ draw straight lines from d ; draw 
also straight lines from e through the points in a c till they 
meet successively the lines drawn to a /. Having performed 
the same operation on the upper side, the series of inter- 



94 


DRAWING FROM MODEI^ 


sections thus found are points in the curve, and by drawing a 
line through them the contour will be obtained. 

In Fig. 1G9 a method is given somewhat similar to that 
used at Fig. 168. Join a 5, upon which describe the semi- 
circle adh from the centre c ; draw a series of lines per- 
pendicularly from a h, meeting the circumference adh \ 
draw also a series of horizontal lines from the same points 
in a hj as shown in the figure, making these lines equal to 
the corresponding lines in the semicircle, c e equal to c cZ, &c. 




The extremities of these linos will bo as many points in the 
curve. If the recess of the curve is required to be less than 
ec, as, for instance, cn, then set off co equal to cw, and 
describe an arc a o 6 from the centre L By the method in 
the former case we find the contour a n 6. 

The mode first described, to produce a graceful contour, 
should be confined to medium proportions. For example, in 
Fig. 107 the projection is two-fifths of the height. 


To find the gradation of the flutes on the elevation of fluted 
columns. 

Firstly. When the column is parallel. 

Let A, Fig, 170, be the elevation, having its opposite 
sides parallel. On its centre lino n, and with a radius 
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equal to half diameter of column, draw a half-plan b, (a 
half being sufficient for the purpose). Divide this semi- 
circumference into the required number of flutes, r, s, &c., 
and from these flute points draw the vertical lines e, /, 
&c., in elevation of column a. In making the plan of the 
flutes, describe the arcs as at c, m, &c., with the same 
requisite radius from each division on the circumference, 
and from the intersections c, 

&c., describe the circle of flute 
as at cl, k, &c., between each of 
the divisions. 

Secondly. When the column 
is tapered, Fig. 171. 

Draw the half-plan of top 
and bottom of column as at e 
and df divide the larger semi- 
circle d into the required num- 
ber of equal parts for the flutes, 
and from which divisions draw 
to the centre the radial lines a, h, 
c, &c., and which will divide the 
lesser semicu'cle e at the same 
time, and from the points / and 
/ 7 , where the radial lines intersect the circles, draw vertical 
lines as at i and //, <fec., which will give the points on 
top and bottom of elevation, between which, when the 
lines A*, &c., are drawn, will bo obtained the elevation of 
the flutes as required. A plan bf a tapered fluted column, 
when divested of initial circles c, r/, and radial lines n, 
h, c, &c., will bo as represented in part at I ni. 

Thirdly. When the column is barrelled, Fig. 172. 

The process is somewhat similar, only the elevation a 
must bo divided into a number of horizontal parallel lines 
a, 6, c, &c., to represent the different diameters, and which 
are necessary for intorscctional points. In the half- 
plan B draw the semichcles equal to the diameters a, h, c, 
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&c.y on elevation, and as indicated by the dotted vertical 
lines df e, /, &c. The lines at g h being squared down from 

the points where the radials 
cut the respective circum- 
ferences to the horizontal 
lines a, b, c, &c., on eleva- 
tion A, give the several points 
for the curve. The process 
is the same at each radial 
line, giving the curve points 
for each flute in elevation. 
The curves are drawn in by 
the moulds described in 
Chapter IV, 

In the diagrams just de- 
scribed the figures are exag- 
gerated in their proportions 
in order to render the process more distinct. 

Wheel WurK — In drawing the plan or end view of a spur 
wheel. Fig. 173, the process is the same as at Fig. 170, 

6 (I 


1 




Fig 173. 

The T-square is placed at the several points of the teeth 
in view a, and the horizontal lines drawn in the end 
view fc, as shown in diagram. In spur wheels and pinions 
the diameter (as has been said elsewhere) is always taken 
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at tho jiitch Ime, a, Fig. 174, which lino runs through 
the broadest part of tho upper halves of the teeth, and is 
coincident with the line of contact with tho wheel or pinion 
with which it is intended to work. The distance between 
the centres of each pair of teeth be, c d, &c., is measured 
on this line, and is called the The form of tooth, 

though variable, is usually similar to that shown in diagram 

Fig. 174. Having divided 

the pitch line into tho ' ^ 

number of equal divisions / /\ \ 

for number of teeth, and 

the half breadth of the \7 \F/ 

tooth having also boon ^ 
marked off on each side ru-ni. 

of its centre on the pitch line, with the radius r f/, and from 
c as a centre on every tooth, describe the arcs r/ and /, which 
give the form of tho lower part of the tooth ; then with the 
radius c c, with c as a centre on every tooth, describe the 
arcs and/, which give tho form of tho upper part of the 
teeth. Tho pitch lino being kept nearer tho outer edge than 
the middle of depth of tooth, gives a broader base to them 
for strength. In proportioning tbo teeth of wheels, tho 
application of tho following rule has been found in practice 
to work well : — 


Depth from point to pitch line . . 5} parts. 

,, pitch line to root of tooth Gj ,, 
Whole depth of tooth . . . .12 ,, 

Working depth 11 ,, 

Thickness of tooth 7 ,, 

Width of space 8 ,, 

If a plan a as well as a front view b of a 
spur wheel is required (Fig. 175) ; having once 
^ound the front view of tho teeth at b from a 
face view c; it is unnecessary to repeat the 



Fig. 176. 


process by drawing a temporary face view of wheel opposite 
a for again finding tho linos of teeth, the lines cany^bc easily 
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marked off from h on the straight side of a slip of thin 
paper and transferred to the view at a. 

Bevel wheels and pinions and mitre wheels, the latter 
being two of the same diameter working together, are simply 
frustmms of cones, the lino of contact of teeth of either class 
terminating in the same centre or apex, as shown in Figs. 176 
and 177, the former showing wheel and pinion, greater and 
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less, and the latter mitre wheels. In either case a good deal 
of care has to bo exercised in projecting the teeth properly. 

It is easier to draw a pair of mitre wheels in gear, than 
bevel wheel and pinion, as one face view of one of the 
former servos to project the teeth for the other of the same 
size working into it ; but in the latter a face view (or half, 
which is sufficient) has to be drawn of both wheel and 
pinion. In every case where side views only are shown, 
the teeth can only be projected from a face view, even 
though it has to be effaced again after the operation. 
As the process is the same for each of these classes of 
wheels, the explanation of the subjoined diagrams. Figs. 178 
and 179, of mitre wheels will bo sufficient. 

1. Having determined the diameter of pitch line, draw 
a vertical lino — on which set off the diameter a b. Fig. 178, 
bisect A B in c ; from c as a centre, and with radius c a or 
c B, draw the circle or pitch lino Ad Be, 

2. Through c draw the centre lino d e at right angles 
to AB. 
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8. Draw the vertical tangent line fg of a length equal 
to A B, and which will be one pitch line of side view. 

4. Join, by straight lines, f c and g c, which will form the 



sides of the cone, or the angle of lino of contact of the teeth. 
5- Having llxed on the length of tooth / hf draw the line 

F 2 
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h % parallel iofg. This line will be the pitch lino of teeth at 
inner diameter of side view of wheel; and through the 
point Zr, where it cuts the centre line d e, and with radius 
c Jc, draw the inner pitch line circle of face of wheel kly z. 

6. Having fixed on the dimensions of teeth, space, and 
pitch ; on the greater pitch line Adne pitch off the centres 
of teeth as at 1, 2, 3, &c., and through these centres draw 
the radial centre lines of teeth cl, c 2, &c. 

7. On line / c, Fig. 179, corresponding to the line /c in 
Fig. 178, mark off the length of tooth a draw in the ends 
at right angles to the lino / c, on cither side draw in the 
depth of tooth ????/, and from the top and bottom points 
draw the radial lines o, to the centre c ; from the same 
points draw the horizontal lines r, s, and also the lines t, u, 
from the points h'b to the vertical centre line w v of face of 
wheel, and from c, as a centre, describe the semicircles 
corresponding to these half-diameters r r, c 5, ct, and c u, 
which will give the face view of the line of top and bottom 
of teeth. 

8. On face view, from radial line mark off the half thick- 
ness of tooth on each side at pitch line,''' and at top and 
bottom of outer end of each tooth at 6 and 7, Fig. 179, on 
the circles corresponding to r and s. 

9. From these points draw in the radial linos towards the 
centre c, into which centre, with great advantage, a fine 
needle may bo put to bear the front of straight-edge, and 
thus complete the sides of teeth as at x. The points for the 
smaller ends of the teeth will be found from the radial 
linos cutting the respective inner circles. The side view of 
tooth at m being simply drawn in to assist in finding the 
diameters of the circles in face view, will be almost hidden by 
the other teeth when all arc projected back from face view. 

Having drawn in the body of side view of wheel on which 
the teeth are to be projected from face view, and the line of 
top and bottom at each end of teeth as tii abed, Fig. 180, 


* When of the curved form to a largo scale. 



AND LARGE MACHINERY. 


101 


square the points e f and ^ o on face view to (j h and i Jc on the 
vertical lines of side view, and join g h and i k. The lines 



I m n, drawn from the points of large end of tooth h i /r, and 
from the corresponding points on every tooth, aro all radiated 
to the same centre, as were the centre lines and sides of 
tooth in face view, the points for the inner ends of the 
tooth, as already referred to, finding themselves both in face 
and side view. As the process is the same in each tooth as 
in that just described, the one definition, with the aid of the 
dotted lines as shown in Fig. 180, and with an example 
drawn in fully as at Fig. 181, will bo found sufficient. If a 
face view is not required, but only a side view, then the 
four points ef op, Fig. 180, of each tooth are all that are 
necessary in a temporary face view from which to draw in 
the tooth of the side view. 

If the face view is to be shown in conjunction (or geared) 
with a side view, and not two side views, then the teeth 
which were first drawn in on the face view for projecting 
the side view must bo drawn in where the spaces were 
between each tooth for the finished drawing of such face 



102 


DRAWING FROM MODELS 


view ; if drawn in as at first projected for finding the points 
for the teeth in the side view, it would not present the 
spaces for the tooth of side view of wheel to work in. The 
relative change in position of tooth will be observed in the 
diagram of mitre wheels at a, Fig. 181, they having the 
same diameter and number of teeth as in diagram Fig. 179. 



If only two side views and no face view is required, 
having found one side view from the points on the latter 
(temporarily drawn for the purpose), such points from tho 
one finished side view can be transferred on tho straight 
edge of a strip of thin paper to tho other side view to be 
drawn. It would look more uniform to have a tooth 
exactly in the centre, which must bo arranged at tho 
beginning of the process. In projecting tho teeth on side 
view as in Fig. 180, the points should be found and the 
teeth drawn in on each side from tho centre outwards, 
as they gradually conceal each other in receding from the 
centre. By observing this, much rubbing out of useless 
lines will be avoided. 

In drawing mitre or bevel wheels in an oblique position, 
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mucli the same process as that just described is applicable ; 
with this difference, that the circles when viewed in their 
obliquity are ellipses, and which the following diagram, 
Fig. 182, will further explain. 

A is a side view of the wheels (the teeth being drawn in 
complete in each, from a face view, as previously described). 
Directly over a is the required view n. (To find the ellipses, 
see diagram following, Fig. 183.) 



The several points of the teeth as at c, c, in view b, on 
their corresponding circumferences (the ellipses) are set off 
vertically from the several points of the teeth in view a ; 
vertically, also, over tho point d on horizontal centre line of 
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wheels b is the point to which all the linos are drawn from 
the several points on the ellipses in both wheels, and as 
described at Fig. 179. 

It is a convenient and more correct method, where the 
teeth points come closer together towards the edges of the 
wheels a, to have the side view of the wheels set off 
vertically at cither side of view b (or a face view would 
be equally suitable) for laying off the points horizontally 
on the right and left sides of the ellipses. 


T 



Fjg. 183. 


7o draiv the lilan^ or fi'ont view of the end of a cylinder 
lying obliquely , such as in those of oscillating engines. 

Draw a side view a of the cylinder, Fig. 183, at its re- 
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qnired inclination, and at a convenient distance from the 
required position of the plan c or front view d. 

To jfimd the points of the ellipse ; on the centre lines of o 
and D, draw semicircular plans e and f equal to diameter of 
cylinder opposite each view o and d ; divide the lino g h on 
side view a into any number of equal parts, and divide e 
and F into the same number of equal parts of equal widths 
with the other, as represented by the parallel lines in each ; 
from the points on the line g h on side view a draw the ver- 
tical lines k to a on plan, and from the points where the 
parallel lines intersect the semicircle e draw the horizontal 
lines pp, cutting the vertical lines k, A curve line drawn 
through the inters ectional points will give the plan of end 
lying obliquely as required. 

From the same points on gh, on side view a, draw the 
horizontal lines m to d, or front view, and from the points 
where the parallel lines intersect the semicircular plan f 
draw the vortical lines n n, cutting the horizontal lines m, A 
curve lino drawn through the intersectional points will give 
the front view of end lying obliquely as required. The curves 
at the opposite ends in each view are the same. In draw- 
ing the lower ends of such cylinder, a pencil tracing of tho 
curve found for one end can be transferred to the other end 
of the same view by turning tho tracing upside down, taking 
care that the centre lines, which must be put on such 
tracing, come exactly over tho centre lines of the curve to 
be drawn. If the back of tho pencil curve on the tracing is 
gone over with a fine-pointed pencil, it will leave a sufiiciontly 
clear lino to ink it in by, and save repeating tho process 
just described twice over. Indeed, in all curves where both 
sides are alike, if one-half only is found and traced, this 
method saves time by rendering points for both sides un- 
necossjwy. 

Note. — In any diagrams such as that described, it is not 
absolutely necessary that the parallel lines referred to in the 
semicircular plans e f should bo equidistant, only that they 

F d 
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should agree in each relative view or plan. It is usual to 
make them equidistant, as it is more symmetrical, and in 
one sense easier, one width in compasses serving for the 
whole. 

It frequently occurs that in oscillating engines the slide 
valve casing is to the right or left of centre of front of the 
cylinder. The projection in a front view for an inclined 
position is found in a similar manner to that when such 
object is in the centre of the cylinder. 

Let A, Fig. 184, be the front view of the cylinder on which 
the object is required to be projected. Draw a plan b, of 



Fig. 184. 

the object in its position, also a side view o, of the object at 
its required inclination, the distances cd and ef, &c., in such 
side view c, corresponding to the distances ed and ^/, &c., 
in plan b, each being measured from and set off at right 
angles to the respective centre line x e. From the several 
points of the object in side view o draw the horizontal lines 
as shown (dotted) to front view a ; also the vertical lines as 
shown (dotted) from the so^^eral points of the object in plan 
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B, to front view a. Their intersections ^\ith the horizontal 
lines from o will give the points of projection for the object 
on front view as required. If the cylinder and casing were 
in a vertical position, the plan b only would be necessary, 
as the heights of required object would be set off on the front 
view, instead of on a bide view, as at c, when inclined. 

Other objects under similar cucumstances would be pro- 
jected in the same manner as that ju&t desenbed. 



In drawing the fiont or back \iew, or plan of the engineer- 
ing detail, shown in accompanying diagram. Fig. 185, when 
the object is lying obliquely, the points for such views have 
to be projected, as in similar cases, from another view than 
any of those named, even though it has to be effaced again 
after such process, if not required for the drawing. The 
view required for finding the points of those in Fig. 135, at 
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A| B, or c, would be a eido view, as shown at d. Such views 
as A, B, and o have their right breadths or thicknesses put 
exactly on them throughout. The dotted lines will be quite 
sufficient to show without further explanation how the 
oblique positions of the parts in the several views are found, 
the linos from the central figure d to the views on right and 
loft of it being horizontal lines, and those upwards to the 
plan B being vertical lines, or at right angles to the right and 
loft horizontal lines. 

To find the curve at either end of the side view of a crank iveh. 

Let A, Fig. 186, bo a part of 
the side view of a crank. Draw a 
corresponding part b, of plan of 
crank. From the centre k of crank 
eye, with any radii (so that it is 
on the cuiTed part of web), de- 
scribe the arcs, as at c h, &c. ; from 
c draw a vertical line, cutting the 
profile of curve at /; from the 
point / draw the horizontal line 
f ff ; and from the point h, where 
the arc ch cuts the side of the 
crank web, draw down a vertical 
line, cutting the line f tj mi) i will 
be one point for the required curve. 
Repeat the process from any other 
arcs, as from c/, &c., which will 
give other points for the curve 
required. The same process is 
applicable to the ends of rods 
where they change from the circular into the flat butt, as 
shown at b and a. Fig. 187, giving plan and side view. 

In projecting rivets of the conical form on the side 
view or plan of a round boiler, the process is similar to 
that for finding the points at Fig. 173. The rivets, other 



rig. 187. 
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than those immediately in front of the observer, where 
the diameters are seen equally, as they recede, appear ellip- 
tical ; the horizontal diameters * are all of the same breadth, 
their diminishing diameters being in the vertical direction. 

Lot A, Fig. 188, bo a side view of the object referred to. 
Draw part of an end view b, of outline of boiler, on which 
to pitch off the rivets at their required distances ; also a 
longitudinal section, c, on which to project the heads of the 
ri^ots in interior view, each view in a direct line with 
exterior side view a. 


A 0 



The rivets on end view (or section) n having been equally 
divided from centre to centre, draw a centre line through 
each point as shown at e /, the point / being the centre 
of the circle or quadrant g h. Set off the height of a rivet 
outside, and thickness of a rivet head inside of section b, 
and draw the circle i k passing through the point of height 
of rivet, and which, cutting all the radial centre lines, will 
set off the height of each rivet at one operation for outside, 
and the inner circle Im for the thickness of heads inside. 
Take the half diameter of bottom of rivet (or the base of the 

♦ Supposing tho views referred to are drawn horizontally as in 
diagram. 
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cone), and lay it off on each side of its centre line. Draw 
the sides of each rivet from these points of its diameter at 
base to the point of its height already found by the circle 
ih cutting the radial or centre lines. For the head, lay off 
each half diameter, a c and a d (as shown on a larger scale 
at Fig. 189), from their centre lines i /»\ Draw lines c e and 
df through these points and parallel to the centre line i Jc, 
or, in view b, from /as a centre, describe a circle equal to 
the diameter of rivet or head ; and having set the parallel 
rulers to the centre / and centre line of rivet, draw the outer 
diameter of each rivet, as at q o, equal 
\ the diameter of circle at /. The point 

hf Fig. 189, through which the circle 
\ passes (as already referred to), being the 
thickness of head from a. Sot tho 
/ jv parallel rulers to tho points where tho 

circle I m cuts the side lines of diameter 
Fig. 189 . draw tho line (j h through 

the point b parallel to e /, which will complete the head of 
rivet. 

In views a and o. Fig. 188, the centre lino a h having been 
drawn in vertically at its proper distance from the end n, 
set off the lines for tho half breadth of rivet on each side 


of it, and square across the points from the top, bottom, 
and centre of each rivet from outside of view b, as indi- 
cated by the dotted lines c, to side view a, and from 
the heads inside at d to interior view c. For a drawing 
to a small scale it may suit tho purpose to draw in tho 
ellipses through tho four points thus found for each rivet head 
by hand ; but for a full-sized rivet, tho process of drawing 
in tho ellipses correctly requires further explanation, as more 
than one vertical and one horizontal diameter is requisite. 

In Fig. 190 the process for finding tho points of the ellipses 
(or bases) of the rivets as they recede is shown more dis- 
tinctly by using a larger scale. 

Let A bo tho side view, b tho end view, and o tho interior 
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view of tlie iron plating, of which the lines d e and J ij in end 
view B represent the outer and inner surface. 

As in the previous instance, draw in the form of rivei 
Zm72, on end viewB, and draw the lines for breadth (or hori- 
zontal diameters) of rivets hi on side view of plating a. 
Draw the semicircle h k i equal to the horizontal diameter, or 
breadth of rivets ; divide t h and t i into two parts, it may 
be equal, or if nearly so, will suit the purpose, tp and tr 



being equal ; draw the vertical lines o and r q (which will 
be parallel, of course, to the vertical centre lines s t), cutting 
the semicircle at u and v. 

On end view b mark off the points ic y and w x equal to 
rv on side view a ; fi’om the points y and x draw tho hori- 
zontal parallel lines to side view a, and where the vertical 
lines op and qr cut the horizontal lines from y and x at 
will give four more points through which to draw the ellipse 
than could be given in the small scale of the first diagram. 
The dotted lines c d and c V in view a indicate tho centre 
line of tho object viewed obliquely, and are found by 
drawing the horizontal lines from m and iv respectively ; no 
such lines, however, should appear in a finished drawing, 
the apex only being indicated by a point at c.* In each 
rivet the same process is applied. What has been already 

* The natural form of such objects in a similar position is best 
shown by shading, in a shaded drawing. The same remark applies to 
the front view of the lower part of tho stufiing-box of a cylinder cover, 
&c., lying obliquely. 
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explained in regard to the top of the rivet is equally 
applicable to the head, as shown at o, the dotted linos being 
presumed a sufficient guide, and the whole process being 
somewhat similar to that described at Fig. 183. 

In the view b the lines d e, &c., are assumed for such 
short length of curve having a large radius to bo straight 
lines, and which for all practical purposes would be suf- 
ficient ; but in a quick curve, as in diagram d. Fig. 191, the 
following rule is observed ; — 



Divide the half diameter a by any number of horizontal 
divisions (equal being convenient), and with the same dis- 
tance in the compasses from the centre line m, and on each 
side of it, on the curve, set off an equal number of divisions, 
proceed as shown in diagram, Fig. 183. The curve line b 
passing through the intersectional points will be the view 
required. 

Note. — The curve is simply that of a circle bent round a 
cylinder ; were it the curve produced 
by a regular cone (which that de- 
^ scribed is not), intersected by a cylin- 
der at right angles to axis of cone, 
J the process would be as follows : — 
Through any point, a; or y, Fig. 192, 
draw a straight lino at right angles to 
centre line of cone m, intersecting the 
sides of cone at ab. At any con- 
venient distance on centre line m draw a circle of corre- 
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sponding diameter to a 6 in section of cone ; from the point 
y draw a straight line y I, parallel to centre line m, inter- 
secting the circle si,i ul; ul will be the distance horizontally 
between two points of the curve relatively, as in view a, 
Fig. 190. 

To find the horizontal diameter at w . — Through the point 
w draw a lino parallel to ab; the diameter will be the dis- 
tance between the points of its intersection with the sides 
of the cone.* 

In making a drawing of a six-sided nut, the half of dia- 
meter a, Fig. 193, is taken as a radius from the scale with the 



poncil-bows, and a circle drawn of the proper diameter. A 
vertical line h e, or horizontal lino c c*, is next drawn 
through the centre of the circle and depending on the posi- 
tion the angles of the nut are required to be shown ; then, 
with half the diameter in the compasses, the circumference 
of circle is divided from &, c, or c into six equal parts, and 
between the points, the straight lines, as at &c., are 
drawn, completing the hexagon ; or the T-square and angle 
of 30® may bo employed (as indicated in the diagram at o), 
without dividing the circumference by the compasses. 

The side view of the nut is completed as in subjoined 
diagram, Fig. 194, the dotted lines sufficiently explaining the 
different radii for the curves. 

In drawing a side view of any object where a front view 

♦ For a similar object on a larger scale more intersectional points 
than those given, as at x and would be necessary to insure correct- 
ness, and may bo chosen anywhere in the curve. 
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is also given, as, for example, in Fig. 195, a is the proper 
position for the side of the nut, of which h is the front view. 
In the diagram adjacent to it the side view c, should never 
be drawn as shown, with its back tui-ncd on its front view d. 



kind, especially in finished drawings, and referred to pre- 
viously in this chapter in regard to end views with eleva- 
tions. 

Note. — If a temporary plan, &c., is necessary simply for 
finding points in an intersection or other view, it is quite 
immaterial where it is placed, if it is in a position suitable 
for the required purpose. 

Intersections. — In the details of machinery there are 
numerous instances where one part appears to bo fitted or 
mitred upon another, and sometimes one portion seems to bo 
penetrated, or completely passed through by another. All 
such appearances of the interruption or penetration of parts 
by one another may be called the penetration of solids, and 
the lines of intersection where these solids meet and run 
into one another are the intersection of solids. 

In a side view of such a common object in engineering as 
a round pipe joined at right angles, or square to another 
round pipe of the same diameter, the formation of tho 
joining is an operation simple enough to perform, as it will 
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be a straigbt-lino joint, as at^a and h in each of the sub- 
joined examples shown in Fig. 196, and of which d ef due 
the respective plans. The diameters being alike, the points 
c terminate vertically and horizontally in the centre. But, 



Fig 196, 


when a smaller cylindrical object is joined at right angles 
to a greater, as in Fig. 197, the operation is not performed 
with so much facility, as the joining in the side view is a 
curved line. 

To find the intersectional curve of two cylinders of unequal 
diameters joined ioyether at riyht angles. 

Let A and'B, Fig. 197, be the side elevation of the objects 
on which the curve is required to bo drawn, and of which 
c d and e f are their respective centre lines. Draw a half- 
plan G, of the objects. On centre lino e /, with radius equal 
to the half diameter of smaller cylinder n, and at any con- 
venient distance from it, describe the semicircle h. 

Divide the half diameters e p and n m into the same 
number of corresponding divisions as at 1, 2, 3, 4 and Z, /c, t, g. 
From the points g, i, /i , /, draw horizontal lines to the circum- 
ference z of larger cylinder ; from the points in the semi- 
circle H, where the vertical lines 1, 2, 8, 4, intersect it, draw 
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the horizontal lines as at tc; ; from the points where the 
horizontal lines from g, i, k, I intersect the circumference z of 
larger cylinder, draw vertical lines x intersecting the hori- 
zontal lines w at 5, 6,7, &c., through which points draw the 
curve line ?/, which will bo the intcrscctional curve req[uired. 


c 



To find the intersection of a rectangular object with a ^one, 
central and at nght angles to the axis of cone, 

1. Draw a vertical centre line. Fig. 198, on which set off 
the height of the object a ; draw the horizontal lines for the 
ends of object, and on those lines set off the half of each 
diameter for each end from the centre line, as at ah and c d 
(as described in Chapter XII.), and join a c and b d. Draw 
in its position, the depth of tho rectangular part of the object 
efgh. 

2. At any convenient distance draw a horizontal line 
f; w, as a centre line for the plan b of the object, and on 
which the halves of whole diameters or breadths are to be 
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laid off on either side of it. (An inverted plan will be more 
convenient for the required purpose.) 

3. At the central point z, and with a radius equal to 
half of a hf draw the circle w, and with radius equal to 
half of c (If draw from the same centre the circle o — corre- 
sponding severally to greatest and least diameter of conical 
object. 

4. From as a centre, draw the dotted circles g and r 
of diameters corresponding to I m and i Jc of side view. 



5. On plan b draw the breadth, or plan, of passages 
p Pf and where the lines p at inner ends cut the lesser 
circle g at s, it will give the point t on line g h on side view ; 
and whore the lines p p cut the greater dotted circle r at w, 
it will give the points a? on line ef on side view. 

6. Join 0 ? ^ by the lines y, which will be the termination 
or intersection of the inner ends of rectangular passages with 
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conical object, as required.* These points can be measured 
from their respective centre lines on either view, applying 
such measurement to the other ; or by squaring them up or 
down with the T-square. 

In engineering objects of a similar description to the fore- 
going, the object intersecting the cone is more frequently 
cylindrical than rectangular, and joined to the cone as in the 



former case at right angles to its axis. The cone in accom- 
panying diagram. Fig. 199, is enlarged, to render the process 
of finding the intersection, which is a curve, more distinct. 

To find the curve, 

1. Let 0 be the side view on which the curve is to bo 

* On a small scale the lines x t, for all practical purposes, may be 
drawn straight, the curve (which is hyperbolic) is so slight. See 
Chapter XI., Fig. 133. 
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drawn. Draw a half of front view a, of cylinder, also a 
naif-plan b, of conical object inverted (the half of each of 
these being sufficient for the purpose). 

2. Proceed exactly in the same way as in the case of the 
two cylinders (described at Fig. 197), but extend the hori- 
zontal parallel lines r, s, /, &c., from the points where the 
vertical lines intersect the circumference of front view of 
cylinder a, right across the diameter of cone to // /i, &c.* 

3. With the half n g, &c., of each of these diameters as a 
radius, draw the dotted circles in plan b. 

4. For convenience, transfer front view of a to d. 

6. Produce the parallel lines d, Cyf in view d to the plan 
B, and from the points where they intersect their respective 
circles draw the vertical lines ?, /•’, 7, &c., cutting the corre- 
sponding lines of the diameters g and 
hi &c., at 0 ]) g, &c. ; and having 
similarly found all the points on the 
respective diameters of the cone from 
the plan b, a curve drawn through 
them will be the required line of 
intersection. 

In inverted plan b, a curved line m 


Fig. m rig. 201. 

passing through corresponding points as those already found 

♦ Or tho lines in cylinder A may be drawn horizontally across, in 
w’hich case, -when transierred to position d, they would bo vertical, or 
Iho reverse to that shown, the intersections producing similar results 
to (hat described. 





120 


DRAWING FROM MODEI*S 


on opposite side of centre line at u, &c., will be the inverted 
plan of intersectional curve. 

In Fig. 200, the side view of a cylindrical object a joined 
vertically to a sphere b, the intersection is represented by a 
straight line c d. 

In Fig. 201, the side view of a rectangular object a (and 
of which B is a plan) joined vertically to a sphere o, the 
intersection is represented by a part of a circle. To find 
which — 

1. Draw in a centre line h /, and from the points d and e, 



where the sides of rectangular object cut the circumference 
of the sphere, draw a horizontal line d e, cutting the centre 
line at/. 

2. From g, the centre of sphere, and with the radius g /, 
describe the required circle mf n. 

In Fig. 202, the side and end views of a rectangular object, 
of which A is a plan, b a side view, and d an end view, 
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joined to a sphere e, and central on its axis, the intersection 
at such side and end view will each be part of a circle. 

In side view b, the diameter of the circle required, of which 
c m is the radius, is equal to the diameter ef\ and in the 
end view n, the diameter of the circle required, of which i k 
is the radius, is equal to the diameter g A, each described 
from the respective centres c and i of spheres e. 

From what has already been described in the foregoing 
diagrams, it is presumed that in those which follow, in 
Fig. 203, the dotted lines will explain sufficiently. In the 
first diagram a (which is a cone intersected by a sphere), 
and in the second diagram b, additional sectional lines to 
those shown may bo made, to render the curves of the 
intersections more accurate. 

Helix (or Screw). — To find the points for drawing in the 
curve of a ccnmnon square-threaded screw. 



Let A B, Fig. 204, be the diameter outside the thread, 
and no the inner diameter, oa the pitch (or the dis- 
tance passed through by one revolution of screw, which 
for distinctness is here shown to be greater than it would 
be for an ordinary screw). Draw a vertical line fg, equal 
to diameter of screw, opposite its side view o d, the centre 
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line e h being common to both. On ^ as a centre, with the 
radius ef, or eg, describe the semicircle gif, which will 
represent the outer circumference of thread, and on « as a 
centre, and with radius h o or An describe the semicircle vi, 
which will represent the inner circumference of thread ; bisect 
the pitch 0 A in A, which will be the distance of half a revolu- 
tion of screw — one half being sufficient for the purpose — and 
the part really visible to the eye of the observer, the other 
half being represented by the dotted line p; divide the 
quadrants g i and / i into any number of equal parts repre- 
sented by the radial lines 1, 2, 8, &c. Bisect r 5 in 2, and 
divide rl and Is into equal divisions as at 2^ 3', &c., 
corresponding to the number of the radial lines with similar 
figures in semicircle (and which semicircle corresponds to 
the half revolution c A). Draw vertical lines through these 
divisions, and from the point where the radial 1 intersects 
the larger semicircle draw a line parallel to e h, cutting the 
vertical line 1' of its corresponding division ; this will be one 
of the points for the curve. 

From the points in the larger semicircle intersected by 
the radials 1, 2, 3, &c., draw lines parallel to eh, cutting 
their respective vertical lines 1', 2', 3', &c., and a curve 
passing through these points will give one quarter of the 
curve. The points in the lower part, completing the half 
revolution, are found exactly in a similar way from the lower 
half of semicircle or quadrant. Having found one half 
thus, for practical purposes, when the remaining half is 
required to be drawn, it is easy to trace it, tuim over the 
tracing, and prick it through, or rub the back of tracing, 
leaving the pencil mark, which will complete the curve for a 
whole revolution. 

The curve of the inner part of the thread is constructed 
precisely in the same manner. From the points intersected 
by the radials 1, 2, 3, &c., in the inner semicircle m, lines 
drawn parallel to the others for the outer part of thread, 
and cutting the same verticals 1', 2', 8', &c., as in the other, 

Q 2 
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will give the required curve, as shovm in diagram. It may 
be mentioned that the same semicircle with its divisions is 
the same for any pitch, the diameter being the same. For 
triangular>threaded and internal screws, as in sections of 
nuts, the process is exactly similar. 

In a series of threads, as in Fig. 205, for the outer part, the 



outlines of each side of each thread are exactly alike, and the 
curves of the inner part a 5 on each side are also alike. In 
making a drawing of a screw such as that represented in ac- 
companying diagram, the simplest way is, after having found 
(by the process described at Fig. 204) the part of the curve 
from c to d, to trace this half diameter and prick through the 
traced line to a piece of cardboard or thin wood, and having 
cut the curve out as a mould, by reversing it and turning it 
upside down, it will be suitable for drawing in both sides, 
and both edges of every thread, the centres of each thread 
and space being drawn in previously as represented by the 
vertical lines e,f, y, A. It will be found the easiest way. to 
pursue the same method for the curves a and b. In drawings 
to a small scale, the front view of the threads is generally 
drawn straight and at an angle. 

Note. — ^For drawing in the proper number of threads to 
the inch to a given diameter of screw the following table 
will be found useful for the two kinds of thi^eads in common 
use: — 
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Tho angle of the V- thread is generally 65°, and the depth 


of the nut equal to the diameter of tho 
bolt. 

In drawing the elevation of a circular 
staircase turning either to the right 
or left, of which Fig. 206 is a view of 
the latter, a being a half-plan, the 
same process is applied as in drawing 
the thread of a screw, Fig. 204, and 
will be understood by tho dotted lines. 

To draw a front view or plan of a 
worm, or screw whed. 

The first part of the process consists 
in simply drawing a portion of the 
thread of a screw, its full diameter 



being cut off at each side, at a and b, Fig. 207, by the breadth 


of wheel c d — o d being less than the diameter ef of screw. 
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Let gchd be the profile of worm wheel, and i the end 
view of screw, or worm, draw a half-face view k of the 
wheel, having the same centre line common to both views ; 
draw the centre line Im through the side view of wheel and 
screw, and when required to be very accurate for the process 
on a larger scale then m c and m d may be bisected, and 
lines drawn through the bisection parallel to I m, making 
semicircles in half-plan k to correspond; one line Im is 



sufficient in the present instance to show the process. The 
line n 0 is the bottom line of tooth, the dotted semicircles 
r q representing the same in face e. Complete one tooth 
in centre of wheel as at e /, in the same manner as in 
drawing the threads of a screw from an end view i, and as 
described at Fig. 204; from the points where the curve 
cuts the centre line I m and side lines g c and h d, draw 
down vertical lines s to face view k. The position of 
middle part of tooth requires to be shown distinctly (for 
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the process only) as in sectional lines in e at y. l?his 
process will give all the points for the end view of ihe 
curved tooth as shown at t. Having previously divided or 
pitched off the centres of the teeth as shown at 1, 2, 8, &c., 
transfer the identical form of the tooth at to each division 
at 1, 2, 8, &c. ; from the corresponding points in each tooth, 
as at t, draw vertical lines up to profile view, which will 
give points for the proper form of each tooth, as it recedes 
to the right or left of centre of wheel, and as shown by 
the dotted lines v, drawn from a tooth a; placed in its 
position at one of the divisions. Of course, no two 
curves of the teeth on profile are alike. These varying 
forms are drawn in with the moulds referred to in 
Chapter IV., and when thus completed such representative 
lines as the dotted ones no, being only pencil lines for 
finding diameters in the face k, are not retained. Fig. 208 
is a finished view of a worm wheel made according to the 
process just described. 



The delineation of screw threads, &c., just described 
naturally leads to the subject of screw-propellers, which is 
simply the common screw with a flat thread, the body or 
inner diameter of which is necessarily small in proportion to 
those in the examples already described. 

If it is required to find the sections at two or three places 
in the length of arm or blade of a screw-propeller, and to 
show the same in plan, proceed as before by drawing a half 
end view, as at a e b, Fig. 209, and make o n half the length 
of pitch, having the same number of divisions, 1, 2, 8, &o., 
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as in the semi-circtunference a e b. From the points h and i 
draw the horizontal lines 7 h and a i, intersecting the semi- 
circle at 7 and g, which will be the end view breadth of 
blade of screw. Complete the sides of blade to inner 
diameter m and n, to which also the points k and l corre- 
spond. If the section is in the position o 7 or q b produce 
the horizontal lines as shown from the points o q and p b 


AC D 



io 8 1, uvy m the sides of blade h e and l i in plan, and com- 
plete the curves between sv and tu, which will give the 
section at the parts required. These sections are found as 
before, from the points where the radial lines in end view 
cut the sectional arcs o p and q b, by producing horizontal 
lines from such points, cutting the corresponding vertical 
Knes 1, 2, 8, &c., in plan, which are common also to any 
diameter of thread less than a b, having the same pitch. 

In the subjoined diagrams, Figs. 210, 211, 212, are repre- 
sented front and side views of screw-propellers having two, 
three, and four blades respectively. The dotted lines from 
the front views showing the corresponding points in the side 
views of each. 

In any long objects, such as shafting, when too long to 
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admit of full length to the scale on which the drawing is 
being made, the ordinary way is to show it as if broken 



through. For iron work, it should never appear too ragged 
at the break. The break is made in the middle of the length 
shown, as at a in diagram, Fig. 213, or at any other con- 
venient place, depending on its surroundings. If it is a 
round shaft, it is better to show the section as in adjoining 
diagram — of an elliptical form, and more especially so if the 
drawing is only to bo an outline — the extreme ends being 
finished similar to the object represented. If it is a square 
shaft, or any other square object, — as at section repre- 
sented at 5 5 ; if a hollow beam, or square pipe, — as at e ; 
or a round pipe, or cylindrical object, — as at d ; greater 
thickness of material should be shown at the top and 
bottom than at the sides, in the two latter instances, thus 
showing a little perspective. Breaks in wood, and graining 
to represent oak, as in subjoined diagram, Fig. 214, are 

a 8 
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executed by the drawing pen ; and in doing more than one 
plank, as shown in diagram, Fig. 215, at a J c, where they are 



Fig. 214. Fig..215. 


joined at the sides, the break at the ends should bo such as 
to show each distinct from the one adjoining it ; and in 

showing a portion of iron plates, 
where two or three are joined 
together, the distinction of each 
plate at the ends should be clear, 
as in diagrams a and b. Fig. 
216. 

In any object where the full 
length is not to be shown, it is 
better to represent it broken off 
than squared off, as the latter 
course would indicate the termination of its length. 


A. 1\ 



Fig. 216. 


CHAPTEE XIV. 

INKING-IN A DRAWING. 

As a drawing is a series of boundary lines, the lines should 
be as fine as possible, especially for a drawing which is to 
undergo the process of shading. The ink should not be so 
black for the latter purpose as for a drawing that is to be 
only an outline, so that the light lines may blend into the 
colouring. Lines for such drawings should be as nearly as 
possible << length without breadth.”* Summer is the best 

* Lines should never be drawn of such a thickness all over as to 
suggest the question. Whether the right size is to be obtained firom 
the outer or inner side of line P 
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for outlines ; for the paper being more dry, a clearer line 
can be drawn. In winter the paper will get damp under 
the best circumstances, A clean sponge, a tumbler of clean 
water, and a sheet of clean white blotting-paper, should 
always be within reach, in case of any accident happening to 
the drawing.* 

Before rubbing down the Indian ink, it is necessary to 
have the palette quite clean and free from dust.f 

In not inking-in a drawing of an intricate kind until all 
pencilled in, the first pencil lines are apt to get obscure and 
cause confusion, to obviate which it is better to ink-in such 
a drawing as the pencilling proceeds, taking care always to 
put in the parts of the object supposed to be nearest you 
first. This method is especially advisable when the drawing 
has to be in hand for a lengthened period 

The ink should be at least a quarter of an inch up the pen 
or compass ink-foot. If a little brush is used, with which to 
supply the pen, it is bettor to keep it exclusively for such 
purpose, as it will bo almost useless for any other after. A 
little slip of paper may be used, but the common plan {not 
the most cleanly) is to moisten the ink-foot in the mouth, so 
that capillary attraction will cause the ink to ascend. The 
mouth should bo well washed out with water after meals, as, 
if the pen is the least greasy, the ink will not flow freely. 
The superfluous ink should be wiped clean off from each 
side of the pen, or it will probably blot the drawing. It is 

* Should a drawing get an ink blot, the blotting-paper should be 
applied first, and if clear of any lines on the drawing the place sponged 
immediately after, and if among lines, the part should be washed with 
a small hard brush instead of using the sponge, and the line renewed 
with very thin Indian ink, or with a hard fine-pointed pencil, or it 
will never be one with the other lines owing to the roughness of the 
part after the process named. 

t A common card, bent up half an inch at one end, will be found 
useful upon which to place the Indian ink cake immediately after 
using, o&erwise it is likely to soil everything with which it comes 
into contact. 

Note. — A little ox«gall mixed up with the ink assists it to flow more 
freely from the pon. It is sold in little pots at 8^. each. 
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better always to try the pen or ink-bows on the margin of 
the paper, taking care not to come within the cutting-off line 
of paper referred to in Chapter XII., before drawing the 
required lines or circles, so as to regulate the pen to the 
proper fineness. All ink circles or curves should be put in 
before any linos,* and any parts of circles inconveniently 
small for ink-bows should be put in with a fine-pointed 
metallic crow-quill. 

In using the ink compasses, the lower part of the legs 
should be as nearly vertical as possible. If it is attempted 
to draw too large a circle, the legs being at a great angle, a 
large hole will be made in the paper at the centre of the 
circle ; in a proper drawing the compass centre marks should 
hardly be seen. The ink leg, especially for small circles, 
should be shorter than the other. In drawing a circle the 
compasses should be held by the top, by the right hand 
(without holding the centre leg during the process in its 
position by the left hand) ; and in inking, the ink leg should 
be made to bear as lightly on the paper as is necessary to 
produce the circle. It is always necessary to see that the 
radius of ink compasses fits the pencil circle all round before 
touching the paper with the ink point. The reason for 
drawing in the circles before the linos is, it is easier to 
join the lines to circles the least thing out ” than to join 
circles to lines a little out of the right place. 

In drawing a series of concentric circles, when not of 
large diameters, it is better to make the smallest first; 
for if the compass leg enlarges the hole in the centre, 
which it is likely to do after describing many of them, 
it would be more difficult to draw in the lesser circles 
correctly. 

* If a larger circle has to be made than the ordinary lengthening 
bar will admit of, and to save the expense of beam compasses already 
referred to in Chapter IV., a piece of flat wood tied securely to the 
compasses, and having the ordmary ink-foot tied at the other end at 
the proper distance for the requim radius, will be found to answer 
the purpose. 
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The drawing-pen shonld bo held as nearly vertical as 
possible ; but to get the point close to the lower part of the 
edge of the square — the top of the pen should be held with 
the least inclination outwards. The pencil line should just 
be visible ; the square should be held firm in position to the 
board by the left hand, as in pencilling ; and in drawing the 
line, if the points of the drawing-pen are not held in the 
direction to be drawn, it will leave the edge of the square 
(supposing the forward edge of points are inclined outwards). 
As a safeguard against such mistakes, some pens have the 
holder made with a part of it square. The pen should not 
be pressed unduly on the paper, or it will make a rough 
line. The line should be drawn always from left to right, 
and never in the opposite direction. After having got in all 
the circles, it will be found convenient while the square is on 
the board in one direction to draw all the horizontal lines 
first, beginning at the top, until the lowest is reached ; and 
then, with the T-square shifted to the bottom edge of the 
board, beginning at the extreme left, draw in all the vertical 
lines. 

A wrong line should never be scraped out with a knife, 
neither should an ink eraser be applied, especially in a 
drawing to be coloured. It is best to wash out a wrong 
line with a small hard brush, and slightly sponge over the 
place, through a hole of the requisite size cut in a scrap of 
drawing-paper to save the other parts of the drawing. A 
needle point will take out a short lino in a way which leaves 
little trace of the error. If a line has to be drawn after 
washing out, it should be with thin Indian ink, or a hard fine- 
pointed pencil, as before stated. 

In sections of boilers, &c., where the thickness of iron 
plate is shown in section to any scale under three-eighths of 
an inch, it is better to make it a thick black line, a little 
thicker than any shade line, if any, in the drawing. 
Sections of the same material, when the scale is above 
three-eighths of an inch to a foot, shonld have a double line. 
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In office ontline drawings for reference, it is frequently 
the custom to outline the cast iron in Indian ink, the 
malleable iron in blue, the brass in yellow, and the copper 
in red. 

A drawing to be coloured should never have any dotted 
lines indicating parts of the machine not visible to the eye, 
as those parts are made visible by the lines. A highly- 
finished coloured drawing may not be a perspective view, 
but still it is intended to be a picture. Dotted lines, there- 
fore, should only appear in common or working drawings 
intended for reference, where they are very useful. 

Sections of end wood should be circular, especially if the 
drawing is only to be outline, to distinguish it from iron or 
other section, which should be straight and at the angle of 
45^. The wood can be done with the ink compasses and 
Indian ink if for outline drawing only, and with wood colour 
if a coloured drawing. In drawings to about one inch to a 
foot, if the grain circles are to bo equidistant, spring bows 
are the best for the purpose, as one whole turn of the nut 
will open the ink foot to the required distance after drawing 
each circle. If more than one beam end is shown, the 
centre of the grain circles should be in a different position in 
each section ; and there is more need for this variety when 
the ends are joined close together, as at a, 5, c. Fig. 217. 

Sometimes wood sec- 
tions are shown by alter- 
nate thick and thin straight 
diagonal lines, as at d, 
rig. 217 . either in Indian ink or 

wood colour. These can bo made with either parallel rulers, 
or with a little wooden angle of 45° moved along the edge 
of T-square, kept firm on the board by a weight on each 
end, and which is more to be depended on than the former, 
or with T-square set at the proper angle by shifting the 
‘ stock, drawing all the lines fine in first process, and making 
each intermediate line thicker after. It frequently happens 
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that beginners cannot do these lines very equally apart, and 
when two lines are much wider than they should be they fall 
into the second error of bringing the next line closer than all 
the rest to make up for the wide space, instead of gradually 
coming to the proper width again. When two sections or 
more of end material come close together, it is better to 
reverse the angled lines of section, leaving a clear little space 
at top and left side (or side the light is sup- 
posed to come from), as shown at a and 6, 

Fig. 218. 

In every section of the same kind this should 
be observed. The light space should not be shown where they 
join when flush or straight across. This will be more par- 
ticularly referred to in Chapter XVI., on shading and colour- 
ing. In engraved work of machinery, &c., where there are 
sections across material like that already referred to, it is a 
common thing to have the angled lines in the same direction 
throughout, as shown at Fig. 219 ; and it seems to look better 
thus in an engraving than in a drawing 
owing to greater regularity. This process 
is called hatching. It is almost needless 
to remark that no such sectional lines on 
transverse sections are ever pencilled in before inking in 
drawings under one inch to a foot, though large sections 
with the distance between each sectional lino being ^th or 
ith of an inch, would, to look symmetrical, be divided by the 
compasses. 

A drawing gone over in the manner described, with fine 
ink lines, may be considered for some purposes a finished 
drawing, without shade lines, colouring,* or printing, t the 
superfluous pencil lines being rubbed out previously to cutting 
off the sheet, j: 

* If the drawing is to be shaded, and should the lines not be so fine 
as they ou^ht to be, a slight sponging over them will take off the 
Buperfiuous ink, which would be apt to run in shading. 

t For which see Chapter XVII. 

j For cutting off sec Chapter XXIII. 





Fig. 218. 
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Shade Unes .* — Shade lines, especially in an outline draw- 
ing, are considered by competent judges of such matters to 
be an improvement. They seem to throw out the projecting 
objects, as well as give effect to a recess, the line thicker 
than others adjoining showing apparently the side of the 
object very much foreshortened ; f for which reason it is not 
correct to put a shade line on the side of anything cylindrical, 
though for uniformity’s sake a line a little thicker than the 
fine lines of the drawing, but not so thick as on the objects 
with a square side, is necessary. If they are to be put on 
an outline drawing it is better to finish the drawing first by 
the ordinary fine lines than altering the pen for thick and 
thin lines every minute. Shade lines are frequently objected 
to in either outline-finished, or coloured drawings ; they are a 
matter of taste. When coloured drawings are to have such 
dark lines they should never be put on till after colouring, 
otherwise the brush in coming over them would cause them 
to run and blot. The ink for such purposes should be as 
thick as it will flow from the pen. A single shade line put 
on the wrong side of any part of a drawing by mistake would 

destroy the effect of the whole, 
whether for an outline only or a 
coloured drawing. 

In engineers’ drawings the 
shade lines are generally put on 
the right and bottom sides of 
projections, as shown at a and 
rig. 220 . '' h, Fig. 220 (the same as the sha- 

dows in their shaded drawings), the tops and left sides being 
opposite the light. 

In drawing a shade line on a circular projection, as at c, 

* If a drawing is to be varnished, the shade lines shotdd not bo 
put on until after the sizing ; and in all shade-line work indigo should 
never be used instead of Indian ink. 

^ t Shade lines are therefore not suitable for isometrical or perspec- 
tive drawings, the sides, &o., of the objects in snch ebrawings being 
fairly represented. Drawings for working to should never have them. 
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Fig. 221, or on a circnlar recess, as at d, the thick lines should 
gradually terminate at a line drawn through the centre of the 
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circle at the angle of 46® to a 
horizontal line ef. This will be 
better understood after a perusal 
of Chapter XV., on Projection of 
Shadows. Shade lines should 
never be put on any plan of a / | 
pyramid or conical projection, or 
recesses of similar form to those 
having the sides bevelled to the 
extent shown in diagram a, Fig. 

222. A projection or a recess hav- 
ing as little bevel as at c might bo 
Fig. 222 . improved by having slight shade 
lines. Jn drawing the shade line on a circle a fine line 
should be made first, the ink points should then be opened a 
little after each time, and coming two or three times over where 
the line is to be thickest. The thickness ought to lessen 
gradually to the points already described, and should never 
exceed the half circle. 

In shade lining a cylindrical object, as a. Fig. 223 (of which 
B is an end view), if the plane e was in a line with the centre, 
as shown in view b, or above it, as at /, there should be no 
shade line from ^ to A, where the plane intersects ; but if 
the plane was below the centre of cylindrical object the shade 
line should be continuous on it. 

In a figure such as a hexagon or six-sided nut there 
would be three difierent thicknesses of shade lines, that at a, 
Fig. 224, furthest from the light, being the thickest ; the line A, 
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approaching nearer to the light, being finer, c finer than 5, 
and e, e, e, more or less nearly opposite the light than the 
others, being ordinary fine lines. Each individual straight 
shade line should bo of uniform thickness. Every shade line 



should be of a thickness regulated by its being more or less 
from the light side, as shown in the last and adjoining 
diagrams. Fig. 225. 

In making a shade line on a short length of a segment of a 
circle, of large radius, a mould will 
be found more convenient than any 
compasses. 

The shade lines on breaks of wood 
or iron should have as much care 
as the shade lines on any piece of machinery adjoining. 
It is by attention to the details of apparently little 
things as well as of the apparently greater, that makes an 
effective whole. There should never be a shade line as a 
base line for any elevation supposed to be standing on any 
thing.* 




Tip. 225. 


I 


CHAPTER XV. 

PROJECTION OF SHADOWS. 

The rays of an artificial light placed near to any object at 
right angles to a plane and of itself parallel, project a radiated 

• Before laying aside the pallette it should be washed clean, as old 
dried ink when moistened again is apt to run in the colouring, and for 
an outline only it will not flow from the pen so freely. 
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shadow, as shown in diagram, Fig. 226, a being the position 
of the light, 5 the object, and c the shadow of the object 
a w 


Fig. 226 . 

projected by the light, the sides of the shadow being in a 
direct line with the light. 

In projecting shadows in mechanical drawings the light is 
supposed to be at such a distance as to come in 
apparently parallel rays ; and assuming for our 
purpose that they are so, it is obvious that the 
projection of the shadow will be in parallels, as at e 
e /, Fig. 227 ; or let e. Fig. 228, be a cylindrical 
object, and a & a plane placed at right angles to 227 . 
the rays of light d h ox c i, the exact diameter of the object 
^ will be projected on such plane at I m, and the sides of the 
shadow will be parallel to each 
other whether the plane is or 
is not parallel to the cylinder. 

If the plane be oblique to the 
rays of light as shown B.i f g 
the shadow is increased on the 
plane to the breadth h i, the 
shadow having its sides parallel 
whether the plane / y is or is rig. 228 . 

not parallel to the cylinder. 

In engineering drawings the shadows are generally under- 
stood to be projected at the angle of 45®, and inclined also 
at that angle from a projecting object towards the right hand. 

The angle of inclination at 45® is projected with facility 
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by setting off equal distances on tbe base and vertical lines 
of any rectangular part in a drawing. The length of the 
shadow is measured from the object on the diagonal (or 
angle of inclination), and is equal to the projection of the 
object from the plane.* 

It is impossible to project the shadows of any object cor- 
rectly on any drawing of which there is only one view, and 
which is to be shaded, if the several projections on such view 
are not exactly known. In such instances the only alter- 
native is to make undefined shadows as to their length or 
breadth at the ordinary angle from any of the parts obvi- 
ously known to project, and to soften them off with the 
water brush. In intricate drawings of machinery, even 
where all the projections are known, if every shadow were 
projected and put in distinctly with a hard edge of the pro- 
per outline (as would be done in a plain drawing having few 
parts and details), it would have much the same effect, when 
shaded, as a well-used sheet of blotting-paper ; in such cases 
it is better to soften off most of the shadows. 

Projection of shadows. — ^First Series. — The plans and 
elevations being given, in all cases the plans are invariably 
understood to be directly opposite their elevations, and their 
side views opposite their front views. In projecting the 
following shadows the angle of 45® is that in which the 
parallel rays of light are supposed to come. 

In the following examples the plane on which the shadow 
is projected may be considered either horizontal or vertical, 
the shadows (according to the ordinary system) being iden- 
tical, j* In drawing the angular lines the T-square and little 
wooden set square, having an angle of 46° bearing on it, as 

• Frequently in architectural and other drawings the shadow, xnea* 
Bured from the object on the angle of inclination, is of greater length 
than the projection of the object from the plane ; nei^er is the angle 
of inclination in such drawings always 45®. See also note, Fig. 260. 

t The process in the Second Series of the Projection of Shadows is 
also apph(»ble to the examples given in this First Series ; but the 
dbiadow being projected on a norir^ontal or vertical plane, renders such 
application less necessary. 
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indicated in position in the following diagram at Fig. 229, 
should be used throughout as being best calculated to faci- 
litate the operation. 

To project the shadow of a square columrif having its opposite 
sides parallel^ on a plane at right angles to it. 

Let A, Fig. 229, be the plan, and b the elevation of column. 
From the points A, m, k, draw the 
lines hi, mny and hi cX the aforesaid ^ 
angle ; on the line h i from the point 
A, set off the height of column c d 
at 0 ; repeat the same from m at the ^ 
point p, and from k at the point r ; 
join 0 p and p r; h o prk will be 
the projection of shadow required. 

It will be obvious that the termina- 
tion of the shadow is a fac-simile Fig. 229. 

or counterpart of the plan of column. The process described 
is given as being more explanatory, but in the examples 
which follow it will be quite unnecessary to repeat it. In 
actual practice, having first found the length h 0, equal to 
the length of column d c, the point 0 would be quite sufficient 
for finding the other points at p and r, for 0 p being parallel 
to the sides of column m A, the right- 
angle side of set square bearing on the 
T-square and placed at the point o, 
would, by drawing the line 0 p, find 
the point p, and since p r is also 
parallel to the side of column m A, the 
T-square placed at the point p already 
found would draw the horizontal line ^ 
p r, thus completing the required sha- 
dow without setting off the lengths at p S 
and r, as in the first process shown. 23 o. 

To project the shadow of a cylinder on a plane at right 
angles to its axis. 





142 


PEOJECTION OP SHADOWS. 


Let A, Fig. 230, be the plan, and b the elevation of cylin- 





der* From the point the centre of cylinder a, draw the 





PROJECTION OP SHADOWS, 


143 


diagonal e g ; from the point e set off the distance ef equal to 
the height ed ot elevation b ; from the point with a radius 
equal to half the diameter of cylinder, describe the semi- 
circle hlm\ from the points k and I draw the lines i and h 
parallel to e which will be the projection of shadow required. 

In the preceding examples, Fig. 231, the projections of their 
shadows are found in a manner similar to those already de- 
scribed, and will be understood by the dotted lines, a are the 
plans, and b are the elevations of the several objects, which 
are at right angles to the plane on which their shadows are 
projected ; and in each case the length ediu plans a is equal 
to the height / e of elevations b. 

To project the shadow of a square tapered column on a plane 
at right angles to it. 

Let A, Fig. 232, be the plan, and b the elevation of column. 
From the three points 7, ?«, n, 
in top of column c, draw the 
diagonal lines — as if the column 
were parallel; on these lines, 
from the points /, w, «, set off 
the distances I i, m d^ and n /c, 
each equal to the vertical height 
e f in elevation b. Join g i, 
i df d k, and h /i, which will bo 
the projection of shadow re- 
quired. 

To project the shadow of an 
ohelisk on a plane at right angles 
to it, g. 2GJ. 

Let A, Fig. 233, be the plan, and b the elevation of object. 
As in last example. Fig. 232, set off the length of the sides at 
h and i, equal to the vertical height I k in elevation b, and 
from the centre o of plan a set off the distance o g on central 
diagonal line equal to entire height fe of elevation b from 
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base line. Join d 7i, hg^ gi, and % n, which will be the pro- 
jection of shadow required. The projection of the shadow 
at the side of the pedestal in plan a is equal to the heights a 
&o., in elevation b set off on the diagonals r st and uvy^ 



To project the shadow of the side of a cylindrical recess 
between two planes at right angles to it. 

Let A, Fig. 284,- be the plan, and b a section showing the 
depth of the recess. It is required to project the shadow of 
the upper part/^f h on the inner plane o. 

Through the centre h of circle, or recess, draw the diagonal ; 
from the centre h set off the distance A { on the diagonal 
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equal to the depth deoi recess in section b ; from i as centre, 
and with a radins equal to half the diameter of recess, 
describe the c^ ^le I m n, which will be the projection of 
shadow required. 


To project the shadows in a series of square recesseSf the 
‘planes of each being parallel. 

Let A, Fig. 235, be the plan of the object, and b a section 



c 



Fig. 234, 



showing the several depths. Draw the diagonal c d \ set off 
the distance c n equal to the depth gh/m section b, e o equal 
to the depth h i, and f p equal to the depth i h ; from the 
points n, o, and p in plan a draw lines parallel to c and also 
from the same points lines paralled to c Z, which will be the 
projection of shadows required. 


To project the shadow of a vertical square parallel column 
into a parallel plane recess, and upon the plane adjacent. 

Let A, Fig. 236, be the plan, and b an elevation of the object. 
Proceed as in Fig. 229, making the distance cdm plan a equal 
to height e f in elevation b ; c d g h i will be the projection 
of shadow required. 

n 
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To project the ahaduui of a vertical square parallel column 
into an adjacent parallel plane recess. 



Fig. 236. Fig. 237. 


Let A, Fig. 287, be a plan, and b an elevation of the object. 
Proceed as in Fig. 229, making the distance c d in plan a equal 
to the height ^ / in elevation b ; c d ghi will be the projec- 
tion of shadow roquii’ed. 


To project the shadows of square parallel columns lying 
obliquely to a plane. 



Fig. 2C8 


Let A, Fig. 288 , bo tho plans, and b the elevations of the 
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objects. From the points d and i in plans a draw the diago- 
nals, set off the distance d e equal to the height ^ / in eleva- 
tions B, and i k equal to the height I m, and join k e, kh, also 
the sides n e and h o\ n ekh o will be the projection of 
shadow required. 

Note. — ^When the object is at the angle of 46° with the 
plane, and also inclined in the plan at that angle, as in the 
diagram at o, the sides of the shadow will be vertical as 




To project the shadow of a squaic pictraUel column on two 
parallel planes recessed, the column being oblique to the planes 
at an angle of 45°, and \ilso inclined at 46° in its plan. 

Let A, Fig. 289, be the plan, and b the elevation of the 
objects. In plan a the dotted lines c c will represent the 
shadow as projected on the inner plane (as in last example, 
Fig. 288). For the projection of the shadow on the upper or 
outer plane, set off the distance d e on the diagonal equal to 
the vertical height f g in elevation b, and the distance t h 
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equal to the vertical height I m ; also set off the same dis- 
tance h n from the point h ; from the points e and n draw the 
vertical lines n o and e p, which, with those at s A n and c c, 
will be the projection of shadow required. 

To project the shadow of a square parallel column on two 
parallel planes recessed; horizontal in plan^ and inclined 
between 90° and 46° in its elevation^ 

Let A, Fig. 240, be the plan, and b the side elevation of the 
objects. Set off the length c d on plan a equal to the vertical 
height ef on elevation b ; draw gh in the direction g d, and 



draw i k parallel to g h; gh and i h will be the projection of 
the shadow on inner plane. On first diagonal line c d set off 
the distance c m equal to the vertical height 1/ in elevation 
B, draw m n parallel to g d, also set off the same distance 
I f from r at and the distance t o equal to the vertical 
height V X ; draw o p parallel to m ??, and join m s and s o ; 
nms o p will be the projection of the shadow on the outer 
plane, which with that on the inner plane will be the shadow 
on both as required. 
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To project the shadow of a square paraUel column on a 
pedestal, being a plane, also on a plane adjacent and parallel 
to it; the objects being horizontal in plan, and the column 
inclined between 90° and 46° in its elevation. 

Let A, Fig. 241, be a plan, and b the elevation of the 

objects. Draw the diagonals y 

from c, &c., on which set off the ^ ^ 

distances c d and c' w, each equal i 1 

to the vertical height in m \ 

elevation b, and the distance j 

V X equal to the vertical height _o\ ! 

b z, and join tZ w and w x. In \ ^ 

plan A produce the line cl io \ \\\ 

h; k being the point on base of \ \ i-V-Oxi ' 

column if produced to lower jj \ \ ' 

plane (corresponding to the \ \ 

point i in side-view b). From tho \ \ 

point d in plan a draw dn in Nor-" Am. ^ 

the direction /c, and from the ' e \ \r \< 
point X draw x o parallel to 

d n\ this will complete the projection of shadow on lower 
plane, which will terminate at n o, being its intersection with 
the line of shadow of pedestal t u. From the point of inter- 
section of column with upper plane at I (corresponding to m 
in elevation b) draw I h parallel to k d, and from the point 
of intersection of column with upper plane at a (correspond- 
ing to the point a! in elevation b) draw a g parallel io I h, Ih 
and a g, on upper plane, and n d w x o, on lower plane, 
will be the projection of shadow required. 

Tho projection of the parallel shadow of pedestal at ^ ^ is 
found by setting off the height of pedestal 5 r in elevation b, 
oh the diagonals q p and g t in plan a. 

Note. — The projections of the shadows of inclined objects 
of various cross sections are found in a similar manner to the 


preceding ; that of an inclined cylinder is found by completing 
the ellipse (see Chapter XI. Fig. 180) at its intersection with 
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the piano, and drawing lines tangentially (as at Fig. 280) for 
the two sides of the shadow to the projection of its upper 
end, which will be at 45® from the top of the object; the 
shadow will be broader than the diameter of the cylinder if 
inclined otherwise than directly from, and towards the light. 

To project the shadow of a square knee — in its section square^ 
on a plane at right angles to it. 

Let A, Fig. 242, be the front and b the side view of the 


fi 



Tig, 243 


object. On the diagonal from d set off the distance d e equal 
to length / g from the plane in side view b, set off the same 
distance from n at m and from k at /, join c m and m 1. Also 
with the length a c in side view b set off the distance d r and 
w 0 in front view a, and join o r ; from the point o draw a 
vertical line, and from the point t (corresponding to the upper 
edge a c in side view) draw a diagonal parallel to d e, inter- 
secting the vertical line drawn from o at s, completing the 
projection of shadow required. 

To project the shadow of a square parallel ohjectf inclined^ 
and projecting from the side of a plane at right angles to it. 

Let A, Fig. 243, be the side view, b the front view of the 
object, and f the plane upon which the required shadow of 
the object is to be projected. From the points d and h, where 
the vertical line (or side of plane) c e intersects the side view 
of object A, draw the horizontal lines d g and h i ; and from 
the points k, I, m, in the end of front view b draw the 
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diagonals ; with the horizontal distance r s, in side view a, 
from the point k in front view b, set off the length k n ; and 
with the horizontal distance t u from the points I and m set 



Fig. 243. 


off the length I o and m p ; join g n, no, o p, and p i, the 
latter intersecting the side of plane at a?, g n o p x will be 
the projection of shadow required. 


To project the shadows of parallel objects radiated from a 
common centre, whose lengths are equal from the centre, and 
ptrojecting from the side of a plane at right angles to them* 


Let A, Fig, 244, be the side, 
B the front views of the objects, 
and F the plane upon which the 
shadows are to be projected. 
From the point k, corresponding 
to the point s in side view of ob- 
ject A, draw the diagonal ; from 
the point h, where the side of the 
plane c e intersects the radial line 
w 8, draw a horizontal line h g, 
intersecting the line of plane i x 
at g; from the point k set off 
on the diagonal the length k I 


€ t 



c X 

Fig. 244. 


equal to the horizontal distance r sin side view A| and join 
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gU gl will be the projection of the shadow on the plane f 
of the radial Its ia side view a. Proceed in the same way 
with the other radials ; m n o p q will be the projections of 
the shadows required. 

Note. — ^When these radial lines or arms have a periphery, 
as shown in Fig. 246, of which a represents the side and b the 

front views; if lines, as at df, 
at any distance apart be drawn 
at right angles to c e (instead 
of being radiated as in the 
other), and produced horizon- 
tplly to i Xf and diagonal lines, 
as g Jiy &c., be drawn from the 
several points of intersection, 
and the horizontal lengths d /, 
&c., be set off upon the re- 
spective diagonals, it is obvious 
that they would give points 
for a curve coincident with a 
curve projected from a periphery, 
on the extremities of the radiated lines as in Fig. 244, the 
position of plane, centre of circle, and radius being the same 
in either diagram. 

To project the shadows of seinich cular oljects on the three 
sides of an octagon at right angles to the plane hounded by the 
three sides. 

Let A, Fig. 246, be the plane upon which the shadows are 
to be projected, / the plans of the objects (supposed to be of 
imperceptible thickness). On each plan of object / draw their 
elevations b, c, d : divide them by any number of equally 
distant lines f and at right angles to the sides of the 
octagon. (Equally distant lines, though not quite essential, 
are convenient, for when each of the objects is similarly 
divided from its centre, one measurement on one divisional 
line on either side of its centre line will set off six of the 
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equal lengths required on the diagonal). From each of the 
intersectional points on the lines / draw the diagonals ; set off 
the lengths f &c., equal to the corresponding heights f e, 
&c., a curve line passing through the points will be the 
projection of shadow required. 



Note. — ^It will be obvious that the shadow projected from 
the semicircular object o will also be a semicircle, and the 
curve projected from b and d also similar to each other but 
in different directions. For any figures of irregular form the 
process would be the same. 

To pioject the shadow of a half cylinder on a j)lane at light 
angles to its ends. 

Let A, Fig. 247, be the plan 
of the object, and d the plane 
upon which the shadow is to 
be projected: draw a semi- 
circular elevation b and o on 
each end of object, and pro- 
ceed exactly as in Fig. 246, 
with the divisional lines on the Fig 247. 

elevations, drawing diagonals from their intersectional points, 

H 8 
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and setting of the heights on the respectivo diagonals. It 
will be observed that the inner circle b is chiefly that which 
is required, only a part of the upper semicircle o being re- 
quisite for projecting the part of its shadow towards the right 
hand; curved lines passing through the points, joined at 
their extremes by the vertical lino e /, will be the projection 
of shadow required. 



To project the shadow of a cylinder on a plane parallel to 
its aans,* 

From the preceding examples, the shadows projected by 
entire discs or cylinders, as in the accompanying example. Fig. 
248, will be easily understood by the dotted lines, much further 
explanation being unnecessary : the lengths in the elevations 
of the objects being set of on their respective diagonals as 

« Another method of projecting a similar shadow will be found in 
second series of shadows, Fig. 276. 
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heretofore, either from a base line a 5, or the half breadths of 
the circles at their divisional lines, may be set off on a pro* 
jected centre line c don the corresponding diagonals. Having 
thus found the several points and drawn in the curves, the ex- 
tremes of each pair are joined by the straight lines/, vertical 
and horizontal in the two diagrams respectively. As in a 
previous example (Fig. 247), it is only a part of each circle 
that is required for projecting the entire shadow, that, as 
projected at g h, drawn simply to show the process, being 
discarded. To prevent confusion the diagonals are omitted 
from the outer circles, the process being the same as for the 



Fig. 249. 


inner circles. Having found the several points as indicated, 
the outer curves passing through them will be the projection 
of shadow required.* 

Note. — In drawing the curves projected by the rays of 
light through a circular aperture having its sides parallel, in 
any material object of parallel thickness at right angles to a 
plane, as shown in the diagram, Fig. 249, the process for 

* In projecting such shadows in a drawing where there are a 
number of curves similar to each other, having projected one cor- 
rectly, the simplest way is to trace it and transfer it to any other 
positions where requisite. Such process is referred to in Chapter XH. 
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finding the points of projection would be similar to that just 
described at Fig. 248 ; the difference being in the retention of 
the part of the ellipses c din the present instance, discarded 
in the last example, and also the discarding of the parts x 
and y ; neither would there be straight lines at the extremes 
of the curves, c d ef would be the projection required. 

To project the shadow of a bracket on a plane at right 
angles to it. 

Let A, Fig. 250, be the front view of the object from which 
the projection of shadow is required. Draw a side views of 



the object ; divide it by any number of horizontal lines as 
shown ; produce them to the right-hand side of front view a ; 
from the points of intersection draw the diagonals ; set off the 
length c d equal to the distance ef,gh equal to i k, and so 
on. A curve line passing through the points d /i, &c., will 
be the required curve for the right-hand side of the object. 
As the projection of a part of the lower left-hand side of 
bracket is required, repeat the process, using the intersections 
of the horizontal lines on left-hand side of bracket, join the 
lower extremes of the curves by a horizontal line I, which 
will complete the projection of shadow required.* 

In ogee mouldings the projections of their shadows are 

* In actual practice, having found the shadow of lower part of 
bracket for right hand side, trwsfer by tracing for the left hand side, 
and join them by the horizontal line I, Process explained in Chapter 
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Bimilarly performed, as shown in subjoined diagram, Fig. 251, 
A being end views, and b plans of the objects referred to. 
Transfer the end views a to the 
plans B, as shown by the dotted 
curve lines e ; divide e by vertical 
lines as shown, draw the diagonals 
from the intersectional points in 
the lower lines c c, set off the 
several heights on their respective 
diagonals (if each of the dotted 
end views at are equally divided, 
the same lengths on the corre- 
sponding diagonals are applicable in each) ; curved lines 
passing through the points will be the projection of the 
shadows required. 


yii 




V 




Fig. 251. 


To project the shadow of a straujht flange on a plane, being 
parallel and at right angles to it. 

(Note. — The flange may be either horizontal or vertical, as 
in subjoined diagrams.) Let a, Fig. 252, be the front view of 



the plane on which the shadow of the flange e / is to be pro- 
jected, and B a plan of the objects ; draw the diagonal on 
front view a, on which set off the length a h equal to the 
distance c d in plan b, and through the point h draw the 
straight line g h parallel to the line of flange e f; gh will be 
the projection of shadow required. 
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Notic. — plan is not reqnired as far as regards the pro- 
jection of the shadow on a front view, when the projecting 
part of the object is straight and parallel to the plane on 
which the shadow of the vertical or horizontal object is to be 
projected, if the projection is known. For instance, if the 
distance of the projecting part g h. Fig. 258, is known to be 
6 inches, then 6 inches taken from the scale to which the 
drawing is made and set off on the diagonal 2 X cd would give 
the point through which to draw a line e f parallel to the 
projecting part g 7i, as explained at Fig. 252, the projection of 
shadow required on the plane a* 



Fig. 253. Fig. 264. 

To project the shadow of a bevelled flange on a plane at 
right angles to iu 

Let A, Fig. 254, be the front view, and b a plan of the 
object. From the points a and c on the lower line of flange 
efin front view a draw the diagonals, from the same points 
a and c draw the vertical lines a i and c k ; with the distance 
7 1 in plan b set off the length ah on the diagonal, also the 
distance mk on the diagonal c d. Through the points b and d 
draw the line g d, intersecting the side of plane at h; ghYrUl 
be the projection of shadow required. 

To project the shadow of a circular flange on a plane at 
right angles to iU 

Let A, Fig. 255, be the front view, and b a plan of the 
object. Produce the line c din plan b to i, divide the line 
i d into any number of parts by vertical lines, as shown at 
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h rtf &o. ; produce them to the lower line of flange e f in. 
front view a ; from the points of intersection draw the 


diagonals ; with the distance hg m 
plan B set off the length I also 
with the distance n c set off the 
length 0 p, each on their respective 
diagonals, and so on with the other 
distances in plan b on the diagonals 
in front view a. A curve line m k 
passing through the points will be 



Fig. 26& 


the projection of shadow required. 


To project the shadow of a ring on a plane at a givefi 
distance from and parallel to it* 

Firstly, having its section rectangular (upper diagram.) 
Let A, Fig. 256, be a plan, b a side view of the object, c d 
the line of plane, and fe the distance of the object from the 
plane. Through the centre of ring i, in plan a, draw the 
diagonal ; from the centre i set off the length ik on the 
diagonal equal to the distance of ring e f from the plane c d ; 
also from the point i set off the length il on the diagonal 
equal to the distance h g (the distance from the plane cdio 
the top of the ring b) ; from the point k in plan a, with a 
radius equal to the radius of outer part of ring, describe the 
semicircle mno, and from the point with the same radius, 
describe the semicircle pqr ; join with straight lines o r and 
mp, the two semicircles described. From the point I on the 
diagonal in plan a with a radius equal to the radius of inner 
part of ring describe the part circle s t u, and from the point 
k with the same radius describe the part circle svu, which, 
with the outer ^art already described, will be the projection 
of shadow required. 

Secondly, having its section circular. 

Let A (lower diagram) be a plan of the ring. Through the 
centre to of the ring draw the line sc y in the direction of the 
light, also through the centre w draw a line » a nt right 
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angles to xy. At any convenient distance draw a line of 
plane c d parallel to xy. On z a, as a centre line, draw a 
side view, b, of the ring at its distance from the plane c d. 
At each end of the side view b draw sections v and u of the 
ring corresponding to the sections e and / in the line x y. 
To these draw tangentially, at the angle of 45® to the plane 
c d, the lines g and /i, intersecting the line of plane cd at i 
and k. From the points i and k draw lines l,m, each 
parallel to the line z a, intersecting the line a? y at n, o, which 
will be points for the shadow. From each side of the thick- 
ness of ring r and 5, on either side of the diameter of ring 
in plan a, draw lines parallel to xy , and from the corre- 
sponding point t in the centre of the thickness of the ring in 
side view b, draw the diagonal t h intersecting the line of 
plane cd in from which point draw a line parallel to z a 
intersecting the lines drawn from r and $ at 1, 2, 8, 4, which 
will also bo points for the shadow. Take any other sections 
in the plan of ring a, as at 5-6, and draw corresponding 
sections (see subjoined note) in side view b as shown, and 
proceeding as before for ad- 
ditional points, curve lines 
passing through which will 
be the projection of sha- 
dow required. 

Note. — To find the points 
for describing sections such 
as that referred to, let a b, 

Fig. 257, be the outer and 
inner circunaferences of a 
ring, circular in section, 
and c d the lino of section 
in plan of ring. Through 
any points e, f,g, in c d, rig. 257 . 

draw the radial lines h i, k k, and h I from h, the centre of 
the ring. On each of the radial diameters draw semicircles as 
shown, and from the intersectional points e,f, g, draw the 
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lines eOf/n, and gm, at right angles to the respective radial 
diameters. Let pqhe the centre line of the figure to be de« 
scribed. From c and d draw the lines r and s at right angles 
to the line p q (Fig, 103, Chapter XI.), giving intersectional 
points for the length of the figure. From the points e,ff 
draw lines ty w, v, each parallel to r or «, intersecting the line 
pq^i Xf 2 /, From the point x with the distance e o set off 
X 1 equally on each side of the line q» From the point y 
with the distance / n set off y 2, and from the point z with 
the distance g m set off 8. A curve line drawn through 
1, 2, 8, and the points of extreme length already found, vdll 
be the figure required. 

To project the shadow of a sphere on a plane. 

Let A, Fig. 258, be a plan of the sphere from which the 
shadow is to be projected. From the centre of sphere h draw 
the diagonal cd, and through the same centre h draw a 
line e /, at right angles to c d. At any convenient distance 
draw a line g h, parallel to c which will represent the side 
view of the plane upon which the shadow is to be projected. 
From the point z, as a centre, draw the side view b of 
sphere tangentially to the line g h ; divide the diameter of 
sphere a equally on each side of centre line c d, and draw 
the lines Z m, &c., through the divisional points, and parallel 
to cd. From the centre i, in side view b, with half the 
diameters of no, pq, &c., in plan a, as radii, draw the 
circles r, s, &c. At the angle of 45'"^ to the line e f, and 
tangentially to the circles or diameters r, s, &c., draw the 
lines u, v, &c., to the line of plane gh, and from the points 
of intersection 1, 2, 3, &c., draw the lines 1-4, 2-5, &c., 
parallel to e /. Through the points where these lines inter- 
sect their corresponding diagonals, cd,l m, &c., a curve line 
s (ellipse) passing, will be the projection of shadow required.* 


* The diadow may also be projected by the process described at 
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Note. — The shadow of a sphere projected at the same 
angle as at Fig. 258, just described, is identical with the 
ellipse produced in a cylinder cut through at an angle of 
46°. If the sphere were placed in a tube of the same 
diameter, and at the angle named (or in a direct line with 
the light), the tangential line of the sphere with the tube would 
bo as indicated by the dotted line 6-7 in plan and side 



Fig. 258. 


views A and b. Fig. 268, dividing the light from the dark side 
of object ; and which tube, if produced and intersected by 
the plane, would be coincident internally in every point with 
the projection of the shadow of the sphere. 

Objects such as that described will only project a shadow 
identical with their outline when the plane is at right angles 
to all the rays of light from the several points of the object. 
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To project the shadow in a hollow half sphere {or send* 
circular cup) of its side. 

Let A, Fig. 259, be the plan of the object in which the 
shadow is to be projected. Through the centre k of the 
object draw the diagonal hc\ divide the object equally 6n 
each side of centre line 5 c by any number of lines as at I r, 
&c. Through the centre k draw a line /r, at right angles 
to h c. At any convenient distance from plan a draw a 
line d c, parallel to b c. On the line d e, and from the 
intersectional point y, with radius equal to radius of plan a, 



draw the semicircle df e, which will represent a side view b, 
of the object. From y, as a centre, and with radii equal to 
the half diameters of the lines I v, &c., describe the semi- 
circles in side view b, and &'om each of the points of inter- 
section, Of irif &C; on the line d e, draw the diagonals 7n n, 
opf &c,, each at an angle of 45^ to the line d e. It will be 
seen that the points n, p, &c., where the respective diagonals 
intersect their respective semicircles, are also the intersec- 
tional points of the centre line f r; the projection of the 
shadow required will therefore be the straight line t r. 

Note. — ^If the angle of the light were greater or less than 
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45^ as shown at m a; in side view b, the shadow would he a 
curved line in each instance, the greater angle projecting a 
concave and the lesser a convex shadow, as represented by 
the line 8 in diagram, the process being the same for finding 
the points in the curve as in that already described, and as 
indicated by the dotted lines g /t, &c. 

Projection op Shadows. — Second Series. — In the ex- 
amples of the projection of shadows in the first series, the 
angle of 45° only has been employed, as from the nature 
of the projections it alone was requisite ; but in the pro- 
jection of shadows of a more intricate sort, as of those 
which follow, there are required in addition a plan and side 
views of the angle in its inclination, the relative angle of 
light in such views being similar. Suppose the object a, in 
diagram. Fig. 2G0, to be the front view of a little set square 
at the ordinaiy inclination of 45°, and also having the 
requisite angle of 45°, the side of , - 

which would be as represented by 
the dotted lines fcg. In looking 
from a position c, above it (suppos- 
ing it possible to look in parallel 
lines at every point, as is supposed 
in mechanical drawings), it would 
present the angles as in plan b. It 
would also present similar angles 

viewed from the positions Z or p, ^ 

To project the angle — ^from a point Fig. 2 tk)., 

/ draw the diagonal, on which set off any length, fg\ at 
any convenient distance draw a horizontal line or plane h i ; 
from the point / draw a vertical line /??, intersecting the 
line lii at n ; on the line f n from the point n set off the 
length n m equal to the length / g ; and from the point g draw 
a vertical line g d intersecting the lino h i at d, and join m d, 
which will be the plan of the angle of 45° as required.* 

* In projecting shadows at any other angle or other inclination in a 
front view, it is obvious that the relative angle in the |dan or side 
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As an application of what has just been explained to a 
mechanical object, and an illustration of the necessity of the 
projection of the plan or side view of the angle akeady 
referred to, let a. Fig. 261, be a cylindrical object or shaft 
(horizontal or vertical), and b a plane parallel to axis of 
shaft. The projection of the shadow of shaft is required on 
the plane b. Draw an end view o of the shaft/ and also 


.A 



Fig. 261. 


the horizontal line of plane y « at its distance/^ from centre 
of shaft. In plan a from any point d (shown in this instance 
on centre line of shaft) draw the diagonal of 45°, which is 
the direction of the light ; from the point tZ, with the distance 
in end view o set off the length d h ; from the point h 
draw the vertical line h i intersecting the plane y z at i, and 
join g if which will then represent a side view of the angle of 

view of the object must correspond to it, and is found in a similar 
manner. In some drawings the relative angle of light in plan or side 
view is as great as 45^, and the angle of inclination of shadow in front 
elevation also 45°, resulting in the projection of a longer or broader 
shadow than that described (Fig. 260). The latter is generally con- 
sidered preferable, is more easily understood, and has therefore been 
adopted throughout this chapter. 

* If A were a vortical view, c would be a plan as well as an end 
view. If A were a plan or horizontal view, then c would be an sna 
view only. 
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45^, whose length of base is d h in plan a. Set the parallel 
rulers to the line g and from the diameter mk o{ the 
shaft, draw the lines k I and m n parallel to ^ i ; and from the 
intersectional points n and I in plane y z, draw the vertical 
lines no and lp» The vertical lines o and ^ will be the 
projection of shadow required on the plane b. If the plane 
were placed obliquely, as at q r, the breadth of shadow would 
be increased on it, as shown by the line k I produced to v ; or 
if placed as at s t, it would have less breadth than in position 
y z in the first instance. At whatever angle the plane is 
placed the same process would bo applicable, a horizontal 
and vertical lino being always necessary* on which to erect 
the side view of the angle from its plan as at d h, and as 
explained at Fig. 260. The lino of plane in example y Zy as 
also the centre line of shaft, is taken advantage of in such 
instances, being ready drawn to hand, and being convenient 
lines ; though in this and in many of the examples which 
follow, the angle may bo projected anywhere in close 
proximity to the place where it is required, so that the 
requisite lines from the points of the object can be drawn 
with facility parallel to the plan, end, or side view of the 
angle of 45° referred to. In the example given, Fig. 261, the 
height gf VA taken in the end view c from the plane y z io 
the centre of the shaft g. There is no other reason than 
that given why this height should be taken ; any height 
would do equally well, so that the same distance is set off* 
on its corresponding view of it as at d h. It may be pro- 
jected in the position shown at d. Fig. 261, and by drawing 
k I and mn in end view c, parallel to x u, it will render the 
diagonal de in plan a unnecessary, being drawn at x w for 
projecting the line xu. 

To facilitate such process in the projections of shadows, 
where there are many lines to be drawn parallel to each 
other at the given angle on the plans and side views of the 

* In the absence of a little set square having the proper angle, to 
bear on the edge of T-square. 
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several objects, it will be found convenient to use a little set 
square of the proper angle (and which would be as repre- 
sented in Fig. 260 at dmk) to bear on the edge of the 
T-square in the several positions shown in the following 
diagram, Fig. 262, and which are also indicated in all the 



diagrams which follow, in the position suitable for drawing 
the lines of the relative angle of the light in the plans and 
side views of the objects, those in the front elevations being 
always at 45°. 

The position of the set square a, Fig. 262, is suitable for 
drawing in the relative angle of the light in a plan placed 
either above or below the front view of the object on which 
the shadow is to be projected. 

That in position h for the angle of light in projecting the 
shadow of a horizontal lino on an inclined plane, &c. 

That in position c for side views placed to the left of the 
object on which the shadow is to be projected. 

That in position d for side views placed to the right of 
the object on which the shadow is to be projected. 

In drawings of an engine, or other machinery containing 
different views of the one object, representing plans, eleva- 
tions, side and end views, &c., it is the common practice to 
project all the shadows at the same angle as a matter of con- 
venience. The shadows thus projected in one view have no 
relation whatever with the shadows of the view next to it, 
and on the same sheet of paper. In which case, each view 
must be considered as belonging to another object of similar 
construction and size, and all placed in the same light. It 
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would be quite unsatisfactory otherwise, as the following ex- 
planation will show. Let a, b, and c, Fig. 263, be the plan, 
fiont, and side elevations of three walls of parallel thickness 
at right angles to a plane. The shadows shown are projected 
in the ordinary manner in engineering drawings, all being at 
the angle of 45°, and also inclined at that angle. If the 
shadow in the front elevation l had any relation to the 
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shadow in the plan a, the pait x in fiont elevation b would 
be all daik to correspond with the shadow from line of wall 
H in plan a, the front elevation of wall e e would also bo cor- 
respondingly dark ; the sido view c would also bo dark, 
corresponding to the shade sido I d in plan a. The shadows 
thus carried out would never make a desii able drawing, and 
if loft to choice, it would look better to produce an outline 
drawing only. 

In Fig. 2G4, the shadows of the three views of the same 
object are pi ejected in relation to each other, the diagonal 
fp being the same (45°) as in last diagram, and made equal to 
the length .vy in plans a in each diagram. Figs. 263 and 264. 
It will bo observed that the relative shadows in the plan a, 
Fig. 264, are at the opposite sido of object, and at a different 
angle from that at Fig. 263 (that in the present example being 
the same angle as the one referred to at Fig. 260), and the 
end view o is dark, or in the shade, to correspond with the 
shadow projected by Zd in plan a; and though it might be 
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eonvenient to have the shadows in plan to con^espond thus 
with the front elevation, still, if c was also made to corre- 
spond, it would be as represented, all dark. 




rig. 264. 


In the plans and front views of the following projections 
of shadows, though each series of diagonals in their re- 
spective views must bo drawn parallel to each other, the 
distances between one couple and the couple next to them 
are not of necessity the same, except for uniformity of 
appearance, but they must agree relatively, those in the 
plan or side view with those in front elevation, 

T 0 project the shadow on a vertical cylinder of a circular 
finnye vliich is at viylit anyles to the awis of cylinder and 
projects equally around its circumference. 

Lot A, Fig. 2G5, be the front view of cylinder upon which 
the shadow of the flange ef is to be projected. 

1. Draw a plan b of the cylin- 
der and flange on a centre line 
common to both views, a and b. 

2. With the set square bear- 
ing on the T-square in position e 
draw the relative angle of light 
in plan b as at r s. 

Fig. 265. 3. From the point r, where 

the line r a cuts the outer circumference of flange in plan b, 
draw the vertical line r x. 
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4. From the point £c, where the vertical line r a; inter- 
sects the flange e /, draw the. ordinary diagonal in front 
view A. 

5, From the point s in plan b, where the line rs inter- 
sects the cylinder, draw a vertical line intersecting the 
diagonal from w at u ; u will be one point for the shadow. 

Proceed in the same manner for finding other points as at 
71, 0, &c., through which a curve 
line passing will bo the projec- 
tion of shadow required. 

Note. — In objects such as that 
described, when horizontal, as at 
Fig. 266, the process is almost 
the same, the only difference is, 
the shadow is at the opposite 
side to that at Fig. 265. 

The following examples. Figs. 

267 and 268, will bo found use- 
ful for reference. The shadows being projected similarly 
to that at Fig. 265, further explanation will be unnecessary. 

The plan of each object is above its respective front view, 
or elevation. 

To 2iroject the shadoiv of a square fan f/e on an inclined 2da7ie, 
the flange being at right angles to the 2)l(inc and 2^arallel to it. 

Lot A, Fig. 269, be the front view of the object on which 
the shadow of the flange c d is to be projected, and b the 
side view at the required inclination. From the point e in side 
view B draw the relative angle of light intersecting the line / g 
at h ; from h draw the horizontal line h intersecting the side 
of front view a at / ; from the point c in front view a draw 
the diagonal intersecting the line k I in the point i ; from any 
other point n in side of flange in front view a draw another 
diagonal line n o parallel to c i ; from n draw a horizontal 
line intersecting the under side of flange in side view b at ^ ; 
from p draw a lino parallel to e h intersecting the line f g &i 

2 
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r ; from r draw a horizontal line intersecting the line no&i s, 
and join s i, intersecting the side of object &it; til will be 
the projection of shadow required. 



To 2 ^roject the shadow of a circidar jiamje on an incUjied 
jdane, the flange being at right angles to the 

Let A, Fig. 270, be the front view of the object on which 
the circular flange c d is to be projected,* and b the side 
view at the required inclination. On front view a from any 
points A;, /, on flange c d, draw the diagonals, and from the 
same points on flange c din front viev/ a draw the horizontal 
lines k w?, i n, and g o, intersecting the side view of flange 



0 < in side view b at and o ; from the points ?n, w, and 
o, draw the relative angle of light towards the line of inclina- 
tion r s, and from the points of intersection /, h, draw the 
horizontal lines intersecting their respective diagonals in 

♦ To find the curves in this, and those which immediately follow, 
see Chapter XIII., Fig. 183. 
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front view a from /r, and at a; 1/ 5 ; through which points' 
a curve line passing will be the projection of shadow required. 

To project the shadow of a circular flange on an inclined 
cylinder, the flange being at right angles to the awis of the 
cylinder and equidistant from it. 

Let A, Fig. 271, be the front view of the object on which 
the shadow of the flange n y is to be projected, and b a side 
view at the required inclination. Draw a plan 0 of the object 
on a centre line common to both views, a and c, as if it were a 
plan of a vertical cylinder, or as viewed in the direction ef in 



side view b. From the point g in side view b draw the relative 
angle of light ; and (to render the process more explanatory) 
let the triangle g v h represent the side view, inclined, of 
a sot square having the angle of 45°. Draw a plan of the 
triangle as shown at x, and transfer it to position h, in plan 0 ; 
I m will be the relative direction of the light. Draw any 
number of lines p, r, &c., parallel to I m, and proceed in the 
same manner to find the points of the shadow as in example, 
Fig. 266. A curve line passing through these points, u, w, t, 
will be the projection of the shadow required. 
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Note. — The direction of the light, I m m plan o, is the 
same relative angle as in the other examples ; it is observed 
in this instance in the same direction as the inclination of the 
cylinder, instead of being observed from a position vertical 
to the object as in the other examples. 

To j)rojecl the shadoiv of a round flange on a tapered {or 
conical) slufmg-hox, the flange being at right angles to the 
axis of the cone and equidiUant from it. 

Fiestly, when in a vertical position, Fig. 272. Let a bo 
the front elevation of the object on which the shadow is to 
bo projected. 

On a centre line common to both views, a and b, draw a 
plan B of stuffing-box and flange, on which draw the relative 
angle of light from any points on the circumference of flange, 
as at 1, 2, 3, &c. It is then required to draw lines on eleva- 
tion A coincident severally with the relative angle of light, 

1, 2, 8, &c., in plan b, and which lines will be curves in 
their front view. On elevation a, at convenient distances 
apart, draw the horizontal lines d, c, also their plans as indi- 
cated by the dotted circumferences in plan b. From the 
intorsectional points of the angle of light with the several 
cii'cumferences, as at y,/, &c., draw vertical lines intersect- 
ing their relative horizontal lines in elevation a at A, /, A, /, 
through which points draw the curve line. From the point 1 
on circumference of flange in plan b draw a vertical line 
intersecting the lower edge of flange in elevation at w, from 
which draw the diagonal intersecting the curved lino I h at 

which will be a point for the shadow ; proceed in the same 
manner to find other points from the relative angle of light, 

2, 8, 4, &c., as at o, p, &c., through which a curve line 
passing will be the projection of shadow required. 

Secondly, when inclined. Fig. 273. Let o be the side view 
of the object at the required inclination, from which is drawn 
a corresponding front elevation a and plan b ; proceed exactly 
as in the other, Fig, 272, and, as shown by the dotted lines, a 
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curve line passing through the points w, o, j), &c., will be the 
projection of shadow required. 
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Let A in Fig. 274 be a convex, and in Fig. 275 a concave 
surface. (As the same process applies to both Figs, the re- 
ference letters are the same in each.) Draw plans b and side 



views D of the bracket, the latter adjoining the front view. 
Divide the side view d by any number of horizontal linos. 
On the right-hand side of bracket in plan b, from the point r, 
set off the lengths of the dotted divisional lines of bracket^ 



making c-1 equal to the length of the line 1 in side view D, 
c-2 equal to the length of the line 2 in side view d, and so on 
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with each line on n. From the points opposite the divisional 
lines on d, on the right-hand side of the bracket in front 
view A, draw the diagonals, and from the points 1, 2, 3, &c., 
on bracket in plan b, draw lines for the relative angle of light ; 
from the points where they intersect the curved surfaces in 
plan B draw vertical lines intersecting their corresponding 
diagonals on front view a. A curved lino passing through 
the points of intersection will be the projection of shadow 
required. 

Note. — The same process may be repeated for the lower 
part of left-hand side of bracket ; though to trace the lower 
part already projected, and to transfer it to the part required, 
is a quicker process, and the one generally adopted in actual 
practice. 

To project the shadow of a cijUnder on a plane parallel to 
the axis. 

Let A, Fig. 276, bo the elevation of cylinder, and b the 
plane on which the shadow is to be projected. Draw a plan 
cdoi the plane ; on the centre line of cylinder a produced to 
hy with half the diameter of cylinder a as a radius, and at its 
required distance ^ h from the plane, draw a plan o of the 
cylinder. On plan o draw the relative angle of the light, as 
shown by the parallel lines 1 1, &c. From the points I a?, &c., 
where the lines t ly iv x, &c., intersect the circumference of 
the cylinder c, draw vertical lines intersecting the top k e of 
cylinder a at o, y, &c. ; from the intersectional points o y, 
&c., on the line k c, draw the diagonal lines ; from the point t 
in the line of plane c d draw a vertical line intersecting the 
diagonal line drawn from o, at r, and from the poiLt n in 
line of plane c d draw a vertical lino intersecting the diagonal 
drawn from the point at s ; r s will be the breadth of the 
shadow of the cylinder on the plane b. From w, in the lino 
of plane c d, draw a vertical line intersecting the diagonal 
drawn from y in the line k e at «, which will be a point of 
projection of the shadow of the top of the cylinder. Proceed 
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Jn a similar way for finding the other points, as shown by 
the dotted lines ; a curve lino passing through the points 
will he the projection of shadow of top of cylinder. 

To 2^roject the shadoiv of lower end of ci/Iinder, 

Produce the lines w cr, &c., in plan c, so as to intersect the 
circumference of cylinder at 2, B, 4. From the points 2, 8, 4, 
draw vertical lines iniersecting the lower line / y in elevation 
A of cylinder at the points 5, G, 7 respectively, and from these 
points draw diagonal lines parallel to o r, &c. From the 
points p, in the line of plane e d, draw vertical lines, 

intersecting their corrcsi)onding diagonals drawn from the 
points 5, G, 7, at 8, 0, 10, and a curve line iDassing through 
the points will he the projection of shadow of lower end of 
cylinder, completing the projection of shadow required. 

Note. — In projecting shadows such as that described on 
a larger scale than that shown in diagram. Fig. 27G, moro 
points for the curves would bo required to insure accuracy ; 
these are obtained by multiphiiig the diagonals, &c. 

To project the hhndow of a horizontal on a vertical 
cylinder. 

Lot A, Fig. 277, be the horizontal cylinder in its position, 
and B the vertical cylinder, upon which the shadow of hori- 
zontal cylinder a is to be projected. Draw a side view c of 
the vertical cylinder, and an end view i> of the horizontal 
cylinder, at its required distance from c. Draw the ordinary 
centre lines in each view of the vertical cylinder. Divide the 
lower part of each view of the vertical cylinder b and c by 
any number of horizontal lines 1, 2, 3, &c., identical in each 
view. (It will facilitate the process if the linos are equidis- 
tant.) From the end view d of the horizontal cylinder, tan- 
gentially to its circumference, draw the relative angle of tho 
light e and/, intersecting the horizontal lines 1, 2, 8, &c., at 
Ic I and m n. Draw a half plan e of the vertical cylinder o. 
From the points h and I draw vertical lines intersecting the 
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half plan e at ^ and s. From tho points g and A, where the 
relative angle of the light e and / intersects the cylinder c, 
draw the horizontal lines g v and h iiy intersecting the centre 
line of cylinder b at v and which are tho upper and lower 
points of projection of shadow. On the horizontal lines 1 
and 4 in view b set ofl* tho distances o p and ow on each side 
of centre line, each equal to the length r q in half plan e ; 
and on the horizontal lines 2 and 6 in view b set off the dis- 



tances y z and y x on each side of centre line, each equal to 
the length t s in half plan e. As the lines e and / terminate 
at the centre line in view c at the horizontal lines 3 and 6, so 
in front view b tho extremities of the lines 8 and 6 will be 
points for the shadow, and a curve line passing through the 
points d z p V and 6 x iv u will be the projection of shadow 
required. 

Another method. — On the centre line Jc, Fig. 278, in 
vertical cylinder b, with radius equal to half of the diameter 
of cylinder, describe from ?? as a centre the semicircle / vig; 
and with the same radius, on centre line I in side view c, from i 
as a centre, describe the quarter circle h n. Draw the rela- 
tive angle of the light e, /, as in previous example, from tho 
horizontal cylinder d. 

Divide the quarter circles /i/?, m g in front view b, and 
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also the quarter circle h n in side view c, each into the same 
number of equal parts, and from the divisional points in each 
quarter circle draw the vertical lines as shown in views b 
and 0 ; from the points in view o, where they intersect the 



relative angle of the light c and /, draw horizontal lines, in- 
tersecting their corresponding vertical lines in view b ; a 
curve line passing through the points thus found will be 
the projection of shadow required. 

To 2 '>rojcct the shadow of a less on a r/reater cylinder, both 
being vertical. 

Let A, Fig. 279, bo the small cylinder, and b the greater, 
upon which the shadow is to bo projected. Draw a half plan 
c of the larger cylinder, and a plan d of the small cylinder at 
its distance from the greater. 

From the point I draw the relative angle of the light I in 
tangentially to cylinder n. From the point I draw a vertical 
line q, intersecting the lower line of smaller cylinder a, at r ; 
from r draw the diagonal ; and from the point m, which is 
the intersection of the relative angle of the light with the 
circumference of larger cylinder o in half plan, draw a ver- 
tical line m g, intersecting the diagonal from r at ?i ; n g will 
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be the projection of the shadow of the side of smaller cylin- 
der A. On plan of cylinder d draw lines parallel to / ?/?, as 

at e, o, k ; from o, «&c., draw a 
vertical line intersecting lower 
line of cylinder a at s ; from s 
draw the diagonal, parallel to 
rn ; from the intcr&ectional point 
]i, in half plan c, draw a vertical 
line, intersecting the diagonal 
drawn from .s* at ^ ; f will be a 
l^ointin the projection of shadow. 
Proceed in a similar manner to 
find other points, as at / and h 
on cylinder b ; a curve line pass- 
ing through n, /, ^ /e, with the 
vcitical lino (/ n will be the pro- 
Pig. 270 . jeetion of shadow required. 

Note. — It will bo observed that the shadow from the 
smaller cylinder when placed in such position as given in 
example, does not show a boundary line to the right of the 
larger object ; if the smaller cylinder were placed more to 
the left side of the larger one the shadow would have a 
defined line to the right. 

In cylinders of various diameters adjacent, the process 
for projecting the shadow of any one upon the next is similar 
to that already described, whether vertical or horizontal. In 
the latter, the only difiercnce would be in the shadow being 
towards the opposite side to that in Fig. 279. 

To project the bliadow of a disc on a cylinder; the former in 
a vertical and the latter in a horizontal position. 

Let A, Fig. 280, bo the side view of the cylinder upon which 
the shadow is to be projected, and b the disc. Draw an end 
view 0 and d of the objects at their distance. From any point 
on circumference of discB, draw the horizontal line i to the edge 
view D of disc, intersecting it at ^ ; from the point e in disc b 
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Jraw the diagonal ; from the point in edge view of disc d, 
draw the relative angle of light, intersecting the circumference 
of cylinder c at ; from the point u draw the horizontal line/, 
intersecting the diagonal drawn from e at the point a?, which 
will bo a point in the projection of the shadow. 

From any other points, as at k and in edge view of disc 
D, draw lines parallel to t w, intersecting the cylinder o at h 
and < 7 , and from k and draw the horizontal linos m and n, 



intersecting the disc n at // and r ; from g and r draw the 
diagonals parallel to c .i* ; from h and q draw the horizontal 
lines V and intersecting the diagonals drawn from g 
and r in disc b, at o and s, A curve line passing through 
the points x, o, 5 , 0 , will be the projection of shadow re- 
quired. 

Note. — As in other examples, if the cylinder were placed 
vertically, with the disc in the same lelativc position to it, 
the process would be similar, the shadow being on the left- 
hand side of disc. 

To project the shadow of the square thread of a common 
screiv on the inner surfacCy the jjositioji being verticaL 

Let A, Fig. 281, be the body of screw on which the shadow 
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is to be projected. Draw a plan b of the object. From any 
point d, on lower edge of thread in front view a, draw the 
diagonal ; also from d draw a vertical line, intersecting the 
plan of the thread at e ; from e draw the relative angle of the 
light, intersecting the inner circumference at/; from / draw 
a vertical line, intersecting the diagonal drawn from d in front 
view A at which will be a point in projection of shadow. 




Fig. 281. 

Proceed in a similar manner to find other points as at A, i, 
&c., through which a curve line passing will be the projection 
of shadow required. 

Note. — When the screw is in a horizontal position, as 
shown at c, the process is the same, the shadow being pro- 
jected towards the opposite end, the diagonals being in the 
opposite direction relatively to the thread shown at a and b 
just described. The light is in the same direction, but the 
thread being more directly opposite the light, the curve of 
shadow, as will be observed, is not the same as when the 
object is vertical. The process in either position is the same 
as at Figs. 265, 260. 

To project the shadow in a vertical half cylinder^ having 
its upper end at right angles to its axis. 



PROJECTION OF SHADOWS. 187 


Let A, Fig. 282, be the front view of the object on which 
the shadow is to bo projected. 

Draw a plan b of the object ; from the point c, in front 
view A, draw the diagonal ; from 
the corresponding point h in 
plan B draw the relative angle 
of light, intersecting the inner 
circle at n\ from n draw the 
vertical lino n 2U intersecting 
the diagonal drawn from c at 
0 in front view a; o p will bo 
the projection of the shadow 
of the side c d of cylinder. 

In plan b draw a tangential 
line r s, parallel to h n, the 
point of contact being « ; from u draw a vertical lino, inter- 
secting the upper end of front view a at ; draw any other 
lino, as at parallel to h n ; from the point of intersection / 
draw a vertical line t ; from the point of its intersection with 
upper line of cylinder a draw the diagonal // parallel to c o ; 
from the point of intersection of a* at e in plan b draw a 
vertical line, intersecting the diagonal y at ; r, o,p will be 
the projection of shadow required. 

Note. — T he process is the same when the object is hori- 
zontal, the shadow being in the opposite side to that at Fig. 
282. 
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Fig. 282. 


To project the sliadoics in veHical half njlhulers having 
flat, convex, or concave covers, at right angles to the axis of 
cylinders. 

(As the process is similar in each example the reference 
letters apply to either.) 

Let a. Fig. 288, be the front view of the object on which 
the shadow is to be projected. 

Draw a plan b of the object. 

From c in front view a draw the diagonal c d ; from the 
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corresponding point m in plan b, draw the relative angle of 
the light ; from the point n in plan b, where the line ^ 
intersects the inner circle, draw a vertical line n p, intersect- 



ing the diagonal c din o] op will bo the projection of the 
bhadow of the side of cylinder c L 
In plan b draw any number of linos, as s a?, parallel to m n ; 

from the point s in plan b draw a vortical 
line, intersecting the lower lino of cover 
at q ; from q draw a diagonal parallel to 
c d ; from the point x in plan n draw a 
vertical line, intersecting the diagonal 
drawn from q in view a at y, which will 
be a point in the projection ot shadow of 
the cover ; find other points similarly, 
through which a curve line passing will 
form, with the shadow of side of 
cylinder already found, the projection 
of shadow required. 

In projecting tho shadow of the cir- 
Fig. 284. cumfercncc of cover in a half cylinder, as 

at Fig. 284, the process is the same as at Fig. 288, just 
described. 



\ \ 
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To project the shadows in inclined half cylinders. 

Let A, Fig. 285, be the section of a cylinder, having its 
cover qr in a lino with the light, and b the section of a 
cylinder having its cover at right angles to the light ; the 
covers of each cylinder being at right angles to its axis. 

On e as a centre, in the lino q r, on the centre line of 
cylinder g /, describe a semicircle c g n^ representing a plan 
of half cylinder a. Draw the diagonal c g, from which it 
will be obvious that the shadow projected by the side of the 



cylinder c d will fall on the centre lino r//, and, as the lino 
of cover q r is its own diagonal, there is no projection of 
shadow except at e /. 

In cylinder b, on the intersoctional point ni as a centre, in 
the line i k, and centre line s t, describe a semicircle, to 
represent a plan of half cylinder b ; draw the divisional linos 
at right angles to the lino i k, as shown ; make the length vi n 
equal to the distance m 7, and n will be a point in the pro- 
jection of shadow. Also make x v equal to the distance x w, 
and V will be another point for the shadow. It will thus be 
quite obvious that the shadow will be a semicircle, similar to 
the plan of half cylinder b. There is no projection of shadow 
from the sides of cylinder b. The lino efin cylinder a, and 
semicircle in cylinder b, being the projections of shadows 
required. 

To project the shadow of ike mul of a hollow cylinder which 
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18 at right angles to its axis, on an inclined plane within the 
cylinder * 

Let A, Fig. 28G, bo the end view of cylinder, and b the 
inclined plane upon which the shadow is to be projected. 

Draw a side view (or longitudinal section) c of the objects. 
From any point d in end view a draw the diagonal d c ; 



from d draw the horizontal line /, intersecting the line h i 
at g ; from g draw the relative angle of light, intersecting the 
inclined plane at /.* ; from the point A* draw the horizontal 
lino 777, intersecting the diagonal d e at /, and I will be a 
point in the projection of the shadow. Find other points 
similarly, through which a curve line n passing will bo the 
projection of shadow required. 

To project the shadow of a horizontal straight object upon 
an inclined plane. 

Let A, Fig. 287, be the plan of the inclined plane upon 
which the shadow of the horizontal object c d is to be pro- 
jected. Draw a side viewn of the objects, h i being the side 
view of straight object, and h t of the inclined plane. Ip 
plan A, from any point c, on the line c d (the farther to the 
right such point is chosen the greater the depth of the 
inclination, and the more correct the result is likely to be), 

♦ This projection is similar to that produced by the open end of a 
steam pipe on a throttle valve. 
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draw the diagonal e f ; from the point e draw a vertical 
line e intersecting the line h ?, in side view b, at ^ ; from g 
draw the relative angle of light g p, intersecting the plane h t 
at p ; from p draw a vertical line, intersecting the diagonal ef 



in plan a at r ; from the point c in plan a, and through tho 
point r, draw the lino c s, which will bo the projection of 
shadow required. 

Note. — If tho objects were vertical the projection of 
shadow would be found by the same process ; the shadow 
being at tho opposite side to that at Fig. 287. 

To project the shadoivs of paddle JloaU on a plane adjacent 
and at right angles to their central axis.* 

Let a, Fig, 288, be the end views of the floats, and d tho 
plane on which the shadows are to be projected. From a 
draw tho diagonals ; set ofi* the length a hy equal to tho dis- 
tance of lower end of float from the plane ; sot ofi* the length 
Z> c equal to the length of float ; draw Z>/and c g each parallel 
to a e. Proceed in the same manner with tho others for the 
projection of shadows required. 

* This and the following diagram, Fig. 289, in one sense belong to 
tho first scries of shadows, and the diagrams Figs. 290 and 291 to the 
second series. But as the four diagrams are different views of the 
same object it will bo found more convenient to arrange them as here. 
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Fig. 288. 


To project the shadoir of a paddle rinfj on a honzontal 
plane {or float)* 

Let A, Fig. 280, be a plan of tbe float on which the shadow 
of the ring .r is to be projected. 

Draw a side view n of the objects. Divide the float / in 
view B into any number of parts, as at 1, 2, 3, &c. ; from 
these points draw vertical lines, inlerBocting the inner and 
outer circumferences of ring ; produce these lines to plan 
of ring in view a, intersecting it at 5, G, 7, &c.; from the 
points on lower side of ring d e draw the diagonals ; set 
off the length 5 s equal to the height 1 « in side view 
B, and 8 will be a point for the shadow of the outer cir- 
cumference of ring. Proceed in a similar manner to find 
other points, through which a curve line h passing will be 
the projection of the shadow of the outer circumference of 
the ring. 

From the points in the upper side of the ring g h in plan a, 
where the vertical lines intersect it, draw the diagonals ; set 
off the length m n equal to the height 8 c in side view b, and 
n will bo a point for the shadow of inner circumference of 
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ring. Proceed in a similar manner to find other points, 
through which a curve line p passing wiU be the projection 



of shadow of inner circumference of ring, and which, with 
the curve for outer circumference k, will be the projection of 
shadow required. 

To i'»o]cct the shadow of a paddle ring on an inclined 
plafie (or float in an inclined jiosition). 

Let A, Fig. 290, be a plan of the float on which the shadow 
of the ring a? is to bo projected. 

Draw a side view n of the objects. From any point c on 
^e lower edge of ring d e in plan a, draw the diagonal; 
from c draw a vertical lino/, intersecting the outer circum- 
ference of ring in side view n at Ic; from k draw the relative 
ang e of light, intersecting the upper lino of float at I ; from I 
draw a vortical line, intci-secting the diagonal drawn from c 
in plan a at m, and m will be a point for the shadow of the 
outer circumference of the ring. Proceed in a similar 
manner to find other points, through which a curve lino a 

K 
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passing will be the projection of shadow of outer circum- 
ference of ring. 

From the point t in side view n, whore the r^ative angle 
of light intersects the inner circumference of the ring, draw a 
vertical line w, intersecting the upper line of ling g h in plan a 



at r; from r draw the diagonal, intersecting the line 
drawn from I at , 9 , and s will be a point for tho shadow 
of inner circumference of ring. Proceed in a similar 
manner to find other points, through which a curve line z 
passing will be tho projection of shadow of inner circumfe- 
rence of ring, and which with the curve for outer circumference 
Oy will be the projection of shadow required. 

To project the shadow of a paddle float on another adjacent, 
both being inclined. 

Let A, Fig. 291, be a plan of the objects. It is ro- 
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quired lo project the shadow of upper float c on the lower 
float D. 

Draw a side view b of the objects. From the point e in 
plan of float o draw the diagonal ; from the point k in side 
view B, corresponding to e in plan, draw the relative angle of 
light, intersecting the upper line of lower float at n ; from n 
draw a vertical lino n intersecting the diagonal drawn 
from e at 0 ; op will be the projection of the shadow of edge 
^ ^ of the upper float o. 



Fip. 291. 

In upper float c in plan a, from the point ?• (which coincides 
with the point / in side view b) draw the diagonal; from the 
point/, in upper float in side view b, di'aw the relative angle of 
light, intersecting the upper line of the lower float at a ; from a 
draw a vertical line, intersecting the diagonal drawn fromr in 
plan A at t ; join r 0, intersecting the line of float hitLix; xo 

s 2 
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will be the projection of the shadow of the end of float r e. 
and, with o ih will bo the projection of shadow required. 

To imject the shadow of a recta7igular vertical object on o 
hphencal body. 

Let A, Fig. 292, be the front view of the sphere upon 
which the shadow of the rectangular object is to be 
projected. 

Draw a plan b of the objects. Draw the centre lino i k in 
both views a and b. Divide e f in front view into any 
number of parts, as at 1, 2, 8, from which points draw the 
diagonals e &c.; through the centre c of sphere a draw a 
lino I m at right angles to the lino e .r. On the plan of 
sphere b draw the ellipses, or plans, ??, o, &c., of the oblique 
sections x of sphere a,* in each of which the major axis will 
be on a vertical line drawn from the point of intersections of 
the line I m and the sectional lino x in front view a. A part 
only of each ellipse is sufliciont, as shown. From the point h 
in plan b, corresponding to c in front view a, draw the rela- 
tive angle of light li 2h intersecting the ellipses o, &c., in 
the points y ; and from the points y draw the vertical lines 
r, &c., intersecting the corresponding diagonals from <?, &c., 
in front view a, at 5, t, &c. Through these points a curve 
line passing will bo the projection of shadow required. 

Another method is as follows : — Draw horizontal lines 
across the front view of sphere a ; and from the centre of 
plan of sphere b draw circles of diameters corresponding to 
the lengths of the horizontal lines in front view a ; from the 
j^oints where the relative angle of the light h p intersects the 
circles in the plan b draw vertical lines intersecting the corre- 
sponding horizontal lines in front view a. A curve line 
drawn through the intersectional points will be the projection 
of shadow. 


To project the shadow oj a vertical disc on a spherical body* 
* The eUipses are found as described in Chapter XIIl.i Fig. 183. 
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Let A, Fig. 298, be the front view of the sphere upon 
which the shadow of disc / d, is to be projected. 

Draw a plan b of the objects. Draw the centre line i /c in 



both views a and b. On each centre line i k, with half the 
diameter of disc as a radius, describe a part of a circle, 
representing as much of the circumference of disc as is 
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necessary for projecting the required shadow, as the quad- 
rants I and m in views a and b, I in plan b being in the rela- 
tive position to m in front view b. Divide each quadrant 
into, say six equal parts; from the divisional points draw 
the horizontal lines o and &c., in each view a and b, inter- 
secting the plan 1 and front view f d oi disc, at 2, 8, 4, &c. ; 
from those points on disc / d in front view a, where the hori- 
zontal lines intersect it, draw the diagonals 5 ir, (fee.; through 
the centre c of sphere a draw a lino g h at right angles to 
the line 5 x . On the plan of sphere b draw the portions of 
ellipses, as shown, being plans of the oblique sections x in 
front view of sphere a, in each of which the major axis will 
be on a vertical line drawn from the points of intersections of 
the line g h and the sectional lines x in front view a. From 
the point 1 in plan b (corresponding to 1 in front view a) 
draw the relative angle of light w ; from the points 2, 3, 4, 
(fee., draw lines parallel to Wy intersecting them corresponding 
ellipses in y ; from the points y draw vertical lines p, inter- 
secting their corresponding diagonals from 1, 2, 8, (fee., in 
front view a at 5, t, n, &c. ; through which points a curve 
lino passing will be the projection of shadow required. 

To jn'ojcct the shadow of a?i elongated sj/hcrc on a ylane 
parallel to its axis. 

Let A, Fig. 204, be the front view of sphere, and m 
the plane on which the required shadow is to be pro- 
jected. 

Draw a plan b of the object, and a straight line c d to 
represent a plan of the plane m. 

Firstly, In plan b, from the centre e of the object, draw 
the relative angle of light c /. 

Secondly, Through the centre e draw a centre lino g h at 
right angles to the line e /, and upon it draw another view i 
of the object a. On this view it is required to find a sectional 
line which will divide the light from the dark side of the 
object, for which purpose it is necessary to project the rela- 
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tive angle of light / n * and s each tangentially to the 
object, at r and n respectively. Draw a straight hne r u 
between the tangential points, -vvhich will be the side view of 
the section requiicd. 



Iig ^9l 


* In represents the entire length of the li le e /, "v^hich in view b is 
observed (as in the other diagiains of this second senes) in its obhque 
position. 

The length of the line I m m view i is equal to the length of the 
line tf/ as shown, and parallel to it , tho distance m n is equal to tf 
m plane e d The angles min and t ef are therefore obviously dis- 
eimilar in the views b and i 
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Thirdly, From the points u and r draw the lines u v and 
r IV y each at right angles to the centre line g /i, and divide 
the space between these lines by a number of parallels 
(equal parts on either side of the centre of the length of the 
object are more convenient in this instance, as, both ends of 
the object being similar, one series of corresponding circles 
in plan will prevent confusion). 

Fourthly, Transfer these divisional lines from side view i 
to front view a. 

Fifthly, On the plan b of object, from the centre with 
radii equal to the halves of the diameters of the transverse 
sections a h, &c., in front view a, draw the circles 8, 4, &c., 
and from the points 5, 6, 7, ilc., in side view i, draw lines 
parallel to the centre line g 7i, intersecting their relative 
circles in plan b, A curve line drawn through the points of 
intersection will bo a plan, in its oblique position, of sectional 
lino r %i in side view i. From the same points of intersec- 
tions in plan b vertical lines to the respective transverse 
sections a I, &c., in front view a, will give intersectional 
points, through which a curve line z drawn will be the 
front view, in its oblique position, of the section rum side 
view I. 

Sixthly, On plan b, from the points in the circles inter- 
sected by the curve, draw the lino y x, &c., parallel to e /, 
intersecting the plane c d in the point x. 

Seventhly, From the intersectional points of curve z ,with 
transverse sectional lines a h, &c., in front view a, draw the 
diagonals. 

From the point .t, in plan b, draw a vertical line, inter- 
secting the diagonal drawn from the intersectional point o, 
in front view a, at k ; k will bo a point in the projection of 
the shadow. Having similarly found a sufficient number 
of points, a curve (p) passing through them will bo the pro- 
jection of shadow required. 

Note. — The process just described is equally applicable in 
projecting the shadows of objects of a similar kind at any 

E 8 
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moderate distance from the plane on which the shadow is to 
be projected. 

To project the shadow of a nng of circular section on a plane 
at right angles to it. 

Let A, Fig. 295, be the side view of the ring, and b the 
plane on which the shadow is to be projected. 

Draw a straight line s t to represent a plan of the plane b. 
Draw a plan c of the ring at its distance from the plane s t. 
On plan c draw the relative angle of light cf; and, from its 
intersectional points x with outer and inner circumferences 
of the ring, draw vertical lines r, which for each side of the 
individual section will be the width or minor axis of elliptical 
sections in side view a. 

Describe the ellipses g and A.* 

Draw the diagonals i k tangentially from g and h. From 
the point f in the plane s t draw a vertical line, intersecting 
the diagonals drawn from h at o and n ; and from g at 
m and I on the plane b respectively; o, 7 ?, and m, /, will each 
be points in the projection of the shadow. Proceed in the 
same manner for finding other points by drawing lines as at 
p r, &c., parallel to e /, in plan c ; curve lines passing 
through the points found will be the projection of shadow 
required. 

Note. — In projecting such a shadow on a larger scale, a 
good many sections would be required to ensure accuracy, 
and these would produce much confusion from the multi- 
plicity of the sectional lines and ovals. But this confusion 
may be obviated. Having drawn the permanent side view, 
as at A, Fig. 295, make as many side views -with their plans, 
of the same size, separately in pencil, as there arc to be 
sections, the sections obviously in all the views being dis- 
similar. Having thus projected the points under each view 
from its section, trace an outline of a side view ; place it 
above each of the other side views and trace the several pro- 

* See Figs. 188 and 257, 
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jected points found on each, under the one side view on the 
tracing. The tiacing can bo placed on the permanent draw- 
ing, and the points on the tracing pricked through ; or, by 
first marking the points with a soft pencil on under side ot 

s r .f V 



tracing paper, placing it in position and rubbing ovei tho 
top side, theie will be left a sufficient mark on the paper to 
enable the curve lines to be drawn in, giving projection of 
shadow required. 
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To project the shadow of a half rmj {or elbow pipe) of 
circular section on a plane at rujht angles to it, either hori- 
zontal, as in last examide, or vertical, as in subjoined diagram. 
Fig, 296. 

The same process is followed exactly as described at 
Fig. 295 — A, Fig. 296, being the front view of the ring, 
B the plane on which the shadow is to bo projected, and o 
tho face view of the object. 



The cur\^e lines t> and e are the projection of shadow. 

Projections of shadows of other objects might bo given 
and multiplied almost indefinitely, but for all ordinary 
engineering purposes those given in this chapter will be 
found amply sufficient. 

NoTE.—Before shading, tho extraneous pencil lines for 
finding tho several points in the projections of the shadows, 
and which should always be drawn very lightly, must be 
rubbed out carefully, so as to save the line of shadow only. 
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CHAPTER XVI. 

SHADING AND COLOURING. 

The eye is naturally educated to recognise the form and 
distance of the objects which surround us from their lights 
and shades. The draughtsman’s effort in shading is to de- 
ceive the eye by representing shadows as well as objects on 
the flat surface, thus making the latter appear to stand out 
in relief. The more perfect, therefore, the lights and 
shadows on the drawing, the more natural it will appear. 

Any degree of taste and finish may be put into a shaded 
and coloured mechanical drawing, depending upon whether 
it is for working to, as a design, or for a picture, and 
whether such drawing is required quickly or not. It is 
hardly possible to make a first-rate, highly-finished shaded 
drawing quickly, though much depends, of course, on the 
ability of the manipulator, correctness being, in all cases, 
the first essential. 

Summer is the worst part of the year for shading, the 
paper being so dry. Winter will be found always best for 
this operation, as under any circumstances the paper is 
damp. 

Having a holder of the proper length (Chapter VI.), with 
proper sized brushes, one on each end, it is necessary to 
put a mark on the colour brush, which must he always used 
for the tint, the brush on opposite end being used for water 
only. 

A small brush, unless for small objects, should never be 
used for anything larger than what it was intended for, as 
it will not lay on the tint equally ; a brush of the proper 
size with a good point not only does the work better, hut 
also quicker. 

A brush, if laid down moist at any time, is apt either to 
soil or to get soiled, to obviate which, the little tumblers 
(referred to in Chapter VI.), having indentations round the 



206 


SHADING AND COLOURING. 


rim, will be found handy for laying the brush across, 
besides containing the water for shading purposes. A very 
good brush-rest can also easily be made by cutting the edge 
of a little pasteboard box into notches like saw teeth. 

Two kinds of palettes (Chapter VI.) are necessary, one 
having a sloping recess for rubbing down the Indian ink, and 
having three or more little cups in it for mixing up the tints ; 
the other having three or four sloping recesses only, for 
rubbing down each colour separately, for using each by 
itself, or before mixing. 

Tints should never be made by artificial light ; if it is 
necessary to shade at night, they should be mixed up by 
daylight. 

One colour should never be rubbed down among another, 
as in all likelihood it will bo laid aside to dry with other 
colour on it. Colours should never be taken ofi* the cake 
with the brush, as by repeatedly doing so hollows the cake, 
and renders it unfit to rub down when required; neither 
should they bo dipped into the water for common use, for if 
good (as they should be) they soon crack and crumble to 
pieces ; the proper way is, to rub them down on the palette, 
having put a very little water in it previously by the brush. 
A common card bent up half an inch at one end, upon which 
to place the Indian ink immediately after using, will be found 
useful ; otherwise it is likely to soil everything with which it 
comes into contact. 

The neutral tint for shading engincci’fng drawings, and 
which generally gives satisfactory results, is composed of 
Indian ink, Prussian blue, and crimson lake, to which some 
draughtsmen add a little gamboge to give the tint a greyish 
hue. The tint should not be too dark, as by using light 
tints, and going frequently over the shadows, they can be 
better modified and corrected every time the process is re- 
peated than by using dark tints. 

To keep tints from evaporating over night, the little 
“ cabinet nests ” (Chapter VI.) are requisite, or (to descend 
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to a common article) old pomatum pots, having a lid, are 
very good utensils for preserving the tint. 

If one or two days are required to go all over an intricate 
drawing once, it is best to mix up fresh neutral tint for every 
coat, as even the best colours change in the course of a day 
or two though covered up from the light in a close pot; much 
of the blue disappears, leaving the tint similar to a mixture 
of lake and Indian ink alone. Should a tint evaporate a 
little in the course of a night, when it is wished to use it 
again the next day, there will generally be seen a mark round 
the dish ; if water is added filling up to this mark, it will 
restore nearly the same degree of tint. 

Tints left to dry completely upon the palette should never 
be moistened again for use, but should bo washed clean out, 
and fresh tints made up for the occasion ; Indian ink, espe- 
cially, if dried up and moistened again for neutral tint, in- 
variably leaves brush-marks in the shading. 

In using one tint in a palette having other tints in the 
several recesses, it will bo found safer to cover up those not 
being used at the moment with a card. 

The proportions of the colours composing the tint through- 
out a drawing should never bo altered. Every time the tint 
is used, it should be stirred up with the colour-brush. If an 
ordinary tumbler is used for the water, it should never be 
more than one -third full, otherwise every time the water- 
brush is put into it, it would wet the holder unnecessarily. 

The palette, with the shading tints, and tumbler containing 
the water, should lie before the operator, placed upon the 
drawing on a sheet of thickish paper, so as to keep the 
drawing clean. 

, Fluid colours should never be passed across a di'awing, 
but around it. 

When shading, there should always be a sheet of clean 
white paper placed on the drawing under the hand, close to 
the part to be shaded, to preserve the drawing from any 
perspiration, which would prevent the paper taking the tint 
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easily; this sheet of paper should also extend below the arm, 
to keep the drawing clean. 

There is another method of keeping a drawing clean, 
which will be found in the latter part of Chapter IX. 

Damping large surfaces by a large water-brush in warm 
weather, either for flat or round surfaces to be tinted, is 
quite necessary ; otherwise the tint is apt to dry too quickly, 
and leave cloudy marks. The surface should not bo too wet ; 
clean blotcing-papcr being applied to take off the superfluous 
water, which if allowed to remain causes the dampest places 
to huclde vpf and renders the tint difficult to put on equally, 
being apt to settle in the lower parLs. It is easier, therefore, 
to do shading in the winter, the paper not being so dry; 
however, to put on a tint properly, the paper surface must 
be quite flat. 

In shading a cylindrical object, it can bo done with more 
facility when its position is horizontal, and with the light side 
next to the operator (the drawing being readily placed in 
any position by turning it) ; it being more difficult to wash 
from than towards you with the water-brush. 

In the objects referred to, cither in a vertical or horizontal 
position, the darkest place should be a quarter of the diameter 
from the edge on shade side. Fig. 297, and the lightest place 

about a quaiter of the diameter 
from the opposite side ; and 
when in position, either ver- 
tical, horizontal, or at right 
angles to the direction of the 
light, a little reflected light 
Fi^r. 297 . should be shown next the line 

on the shade side, as in example. Fig. 298; it should also 
have a little shade close to the line on the light side, in 
contrast to the part that should bo lightest of all. 

When such object is inclined in the direction of the light, 
Fig. 299, the shade will be the same at each side, and 
narrower than in position, vertical or horizontal, lightest in 
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the middle, and having no reflected light close to the line on 
either side. When such object is inclined at right angles 



Ijg. 298. Tig L:9. 


to the light, the shadow on the shade side should be broadci 
than in a vertical or horizontal position. 

Sections of cylinders lying at the angle of 45° should 
have the shadow graduated, as at a in diagram, Fig. 800, 
independently of the shadow of the side of the cylinder at 
section, and which should come over the graduated pait. 



Fig. 300. 


The sides of the cylinders at cd should have a shade close to 
the sectional line of cylinder, the part in the middle of the 
right-hand cylinder being the lightest. 

The colour-brush, when about to apply the tint, ought not 
to have too much in it, or the tint will nin in all directions 
when the water-brush is applied ; and the water-brush must 
not have too much water for the same reason. 

If at any time the tint should get beyond the line by acci- 
dent, the best way is to push it hard within the line by the 
finger ; in most cases it will come back and stop about the 
proper place ; this will be found better than attempting to 
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wash off the excess with the water-brush, which would only 
tend to increase the error. 

In shading, the brush should be held in as vertical a posi- 
tion as possible ; it will be found much easier to keep any 
boundary line. Before every application of the water-brush 
to the shading it should bo washed in the tumbler, and the 
superfluous water taken off, by cither drawing it between the 
lips (for which reason the mouth should be rinsed out clean 
before shading, especially after meals, as the brush must bo 
quite free from greasy inatter), or the brush might be applied 
to blotting-paper. 

In commencing to shade a cylindrical object — say, of two 
inches in diameter and six or seven inches long — begin at 
a quarter of the diameter from shade side, and put on the 
tint, about a quarter of an inch broad for the first coat, in 
short lengths at a time, washing off the side next the middle 
of cylinder first, as it is of more consequence than the edge 
of tint next the line. The water-brush should bo drawn 
along as straight as the shadow is required to be, and a little 
in beyond the edge of the tint, taking care that the end of 
the tint does not get dry before the next little length is added 
to it."^'' In making the shadow with brush and tint, a part 
just done ought not to be gone over again until it is almost 
dry, otherwise it will run into clouds, though it is easier to go 
over it again before it is quite dry. As all shaded surfaces 
ought to have the same number of coats each, by the time 
the last part in an ordinary sized drawing is gone over, the 
first will generally bo sufiicicntly dry for commencing on 
again. For such a length as six inches three lengths would 
be sufficient for the shade, though an adept at the work 
can take such lengths as six inches and more at a time. 
When this first coat is dry enough it should be gone over 

^ If any loose spec or hair appears durinpf shading process it should 
be removed with the point of the penknife at once, for such littlo 
things suck up sufficient tint by capillary attraction as to leave a white 
mark when the tint dries. Brushes should always bo laid aside as dry 
as possible to prevent the hairs rotting and coming out. 
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again broader, about an eighth of an inch more on each side 
of the last coat. It is better if this is done in two lengths, 
so as to hide any faults in the joinings of the first coat, taking 
care at every coat not to stop at a former joining of tint. The 
third time may reach to the line on shade side, over the 
reflected light, so that in other coats it will not be necessary 
to wash it off with the water-brush next to the line, the con- 
trast between the darkest place and that next to the line 
being then sufiicient ; the tint may then start from the line 
of shade side, and when approaching nearly the centre of 
object a lighter tint must be used, by taking a little of the 
shading tint into another of the iialettc-cups and adding a 
little water to it. 

Cylindrical objects, larger or less in diameter than that 
referred to, must have their breadths of tints in each coat in 
proportion. Eound rods of such small diameter as one- eighth 
of an inch can hardly bo shaded nicely with water so as to 
look effective; in these cases it is better to take a fine 
brush and light tint, beginning narrow and making it a little 
broader every now coat, without Avater. 

For very largo cylindrical objects, after being damped, it 
is better to have throe or four gradations of tints and a brush 
belonging to each, beginning with the darkest, and the last 
pure water. By such a method the shading is less apt to get 
streaky, and it is better under such circumstances than dip- 
ping the tip of the colour-brush into the water every time 
such broad shade is gone along by way of graduating it more 
effectively. 

Shadows should bo darkest next the objects that project 
them, and graduated out to the extreme edge of the shadow, 
as the shading on any cylindrical object. A long narrow 
surface, to be graduated in the length, from dark at one end 
to light at the other, can bo done with one dip of the brush 
of the proper size in the tint ; tho suiface will get lighter 
going towards the light end as the tint recedes from the 
brush. 
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Tho shadow of one object should not cross the shadow of 
another adjacent to it, as will be sometimes observed in a 
room having two or more artificial lights. 

Frequently in drawings, in many little details, sections, 
&c., shadows are put where they should not bo. 

If it is required to show a sectional plan c d, Fig. 801, 



through the solid bush at a h, no shadow 
of the shaft e should appear at /^, being 
a sfction, and not in its natural state ; but 
J if it is a plan, as at i k, of the lower half 
bush M, there ought to be a shadow of 
the shaft at / 7z, tho half bush being com- 
plete in itself and in its natuial state. 
A shadow should never bo put on any 
sectional surface. 



In any polished end of a shaft it gives 
a better eflect to show tho light radiated 
from the centre to tho circumference, 
as at Fig. 302. 



Jbig. 301. 



Fig. 302. Fig 303. 


In putting in the shades of six-sided 
figures, such as nuts, the side 3, Fig. 803, 
should have two coats more than tho side 
2, of the same tint ; 1 should not have 
any shading tint, tho finishing colour 
coming over all. 

If through inadvertence any part is 
made too dark, all the other parts must 
bo darkened in proportion, making the 


part alluded to appear lighter by comparison ; • sponging 


* The same applies to outline drawings within certain limits. 
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will then lighten it all equally. A shaded drawing should 
never be so dark as to render details almost invisible. 

Flat Surfaces, ((c, — All flat surfaces in a drawing should 
be darker or lighter, in proportion to their distances, the 
farthest being the darkest. In a front elevation these 
distances can be known from the plan, and in a plan from 
the elevation. The tint must be light, and of the same pro- 
portion of parts as the drawing is shaded with. Suppose, 
for example, that a. Fig. 804, is a plan of a series of steps, the 
side view of which is shown at b ; 1,2, and 8, are equidis- 
tant from each other, but 4 is twice as deep as any one of 
the others. 

In the plan 1 should have 1 coat of light tint. 

,, 2 ,, ,, 2 coats of do. 

,, 3 ,, ,, 3 ,, do. 

,, 4 ,, ,, 5 ,, do. 

the fourth getting one more coat than the share it would 
have had, had it been equidistant from the others. 

Were the object placed in 
the opposite direction to that 
shown at Fig. 804, the breadth 
of the shadows projected from 
each step would also show the 
comparative heights indepen- 
dently of the flat tints. Hence 
it is quite impossible to do a ^ 
properly shaded view of an 
object having many parts in 
combination, unless their se- 
veral distances are known. Tho 
same rule holds good in elevations and other views of 
objects. Tho common way in any case is to put the tint on 
the furthest pai't first, and when it is dry, to go over it 
again, and take in the next nearest to tho eye and so on. In 
going over such surfaces it is better not to begin at the 
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same place 'with every new coat of tint, as the brush is very 
apt to leave more tint at the place began at, so that to begin 
repeatedly at the same place would make it darker than the 
rest of the surface. The tints should come over any dark 
shadows that cross the flat surfaces equally with the other 
parts of the same surface where there are no such shadows. 

If there are two views of the same object side by side, as 
at h and a, Fig. 305, c being a section, h being complete, and 
a having the little square part d removed to show structure, 
the corresponding parts of a and b should be exactly of the 

^ h 


Fig 305. 

same depth of tint, as they are both supposed to be at the 
same distance from the eye, or in other words the same 
object with a part removed. The same rule applies to more 
intricate objects. 

In putting a flat tint on a large broad surface, after being 
first damped, the board should bo blocked up about two or 
three inches at one end, and the process begun with a good- 
sized brush at the raised end of the drawing, putting plenty 
of tint on and spreading it the whole breadth, keeping the 
front of tint as horizontal across as possible, and always 
taking care to stir up the tint mixture at every dip of the 
brush. The tint collecting in front, prevents the drying and 
clouding. When the surface has been gone over, and the 
last loose colour drawn into a corner by the cOlour-brush, 
having previously wiped any remaining colour out of it, the 
board should be laid down flat again to allow the tint to dry, 
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otherwise it would run a good deal to the lower end of the 
board, making the surface darker at the lower than the 
upper end and clouding. As every flat surface, however 
light it is to bo, is the better for having two or more coats, 
raise the opposite end of the board and repeat the process, 
beginning at opposite end of the surface, laying the board 
down flat immediately after each coat. 

In any intricate surface to be flattened, such as framing 
with several diagonals, &c., where it would be imposoible to 
keep all the different ends of the tint moving on alternately 
without drying, a convenient way is to have joinings at 
suitable places so as to allow each part to be finished sepa- 
rately, joining one place to another after the first is quite dry. 
In making such joint it is best not to have it straight across, 
which is more easily observed than a joint foimcd like saw 
teeth, but in angles more acute. When 'gone over several 
times and the joints thus made at different places for the 
several coats, and sponged when all the shading is ready for 
that process, if done properly, no joining can bo detected. 

Flat surfaces should have a little light on the top and 
left-hand edges (or those opposite the light) of all projecting 
parts. This is effected by leaving the required space when 
putting on the flattening tint at every operation, though the 
finishing colour should come to the line. 

Where there are flush or level joinings as at a and 
Fig. 306, no light should be 
shown, as in such form it is 
the same as one solid. In 
sections, the part sectioned 
should have a slight tint.* 

Cylindrical objects, such as 
columns, &c., at various dis- 
tances from the eye, should have such light washes of tint 
all over them in proportion to their distances as will throw 
out those which are nearer the eye. Throwing back round 
* Sectional work is also referred to further on in this chapter. 
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surfaces by a light tint over them is not generally adopted in 
mechanical drawings, though when it is done, the effect is 
admitted to be bettor. 

All surfaces ought to be tinted and set back to their 
proper positions in distance before sponging, and should not 
be touched with the tint afterwards, unless for little repairs. 

The accompanying shaded Tuscan order, Plate II., is 
given to show the ordinary depth of the darkest tints in a 
hnished drawing, as also the depth of the flat tints relative 
to their degree of projection, the projections facing the 
observer being the same as the profile to the right. 

If a drawing is to be sponged, no finishing colours or 
shade lines are put on before such x>rocess, and the latter 
only after all the tints and colours are put on. An ex- 
perienced draughtsman is not supposed to use a sponge to 
his shadows, though the cases are rare in which the 
shadows are so perfect that sponging would not still 
farther soften them. The shaded drawings of those who 
are not accustomed to the process are always improved 
by the use of the sponge after having received five or six 
coats of thin tint. A beginner has difficulty in keeping to 
the line with his brush, and the excesses over the line are 
hardly ever in the same place, and as the tint is light, the 
sponge takes them off and softens down the legitimate 
shadows. 

To sponge a drawing once after six or seven coats is suffi- 
cient. The surface of the paper, after the operation, gene- 
rally takes the tints more easily, as it should receive two or 
three coats afterwards (the flat surfaces excepted). Some 
drawings are softened by going over them with a flat soft 
brush and water, before the finishing colour is put on ; this 
requires some skill so as not to take ofi* too much of the 
shading tint, 

A drawing, when ready for sponging, should bo quite dry, 
otherwise — parts thus sponged would be made much lighter. 
Neither should a drawing undergo the process immediately 
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after being held to the fire to dry, or the first application of 
the sponge would, by the tint it always removes, leave a 
dark mark on the paper, which, drying quickly, no aiiiount 
of sponging would ever take out again without injuring the 
surface of the paper. A drawing for the process must be 
dry and cold. A common tumbler is too small for the 
process for any sheet above eighteen inches square, a large 
bowl or basin, or two of either, being better, as a considerable 
quantity of dirty water has to be squeezed out of the sponge 
from the removal of tint from the drawing. Having taken 
the close grained 6-inch sponge and saturated it (not too 
fully), with water, all the %v1iite surface of the paper should 
be wetted well before going over the tinted part, so as to 
prevent the tint taken oil* by the sponge adhering to the dry 
white part of the sheet. The dirty water should be squeezed 
out, and with a fresh supply apply the sponge over all gently 
two or three times until scarcely any or no tint comes oft*, 
and keeping within an inch of the edge of the paper so as 
to preserve the gum joint. Large shadows are seldom so 
perfect but that they require in some places a touch of tint 
where they are lighter than they ought to bo, and this before 
putting on a finishing colour over all. When the tint is put 
on in the way of repairing — ^it should be perfectly dry before 
being touched again, as when moist it looks always darker. 

In such instances, when the paper takes a considerable 
time to dry — as in winter, a want of patience may prompt 
the draughtsman to apply a hot iron within a short distance 
of the drawing, a plan frequently resorted to in drawing- 
offices for drying a drawing quickly, when not intended to 
be highly finished ; but neither that, nor the common prac- 
tice of holding a drawing over gas-light, in the absence of a 
fire, is to be recommended. A better way is to heat a sheet 
of drawing paper at either the fii’e or the gas and hold it 
sufficiently distant from the drawing so as to dry it without 
injuring it, though in all cases it is best, when circumstances 
will permit, to let a moist drawing dry naturally. Holding 
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a drawing to the fire, if the paper has been properly stretched 
at first, is very apt to split it. 

A stretched sheet of paper on a board having a drawing on 
it occupying a small part of the paper just damped with the 
shading, if held to the fire for the purpose of drying it 
quicldy, is apt both to crease the sheet and split it. 

For finishing colours or tints for malleable and cast iron, 
brass, copper, wood, &c., a groat deal depends on the taste 
of the individual. In engines, and machinery, some prefer 
them washed all over with thin neutral tint, blue predomi- 
nating in greater proportion. For malleable iron, the tint 
referred to is always used, but for cast iron there should be 
more lake in it, having more of the hue of writing ink. For 
any round or cylindrical object it is better to shade with the 
finishing tint once or twice over, it blends better with both 
shading and finishing tints when the drawing is finished. 
(Irccn is sometimes used for cast iron, assimilating it to tho 
paint on tho machine it is intended to represent ; a locomo- 
tive ])o;lcr, for insianco, in a pictorial drawing is generally 
made tho colour of tho thing itself. In all such cases it 
should be a yellowish green, which, when put on above the 
neutral shading tint, having blue in it, makes tho proper 
green. In all such cases the finishing colour must be well 
watered, oven if necessary to go over it twice, which indeed 
in most cases is better, as it tends to equalize inequalities. 
Dirty green colour, on a ground shaded with pure Indian 
ink, as is sometimes tho case, never looks well and ought to 
bo avoided. 

In iron work in a drawing intended to bo a picture, such 
as tho outside view of a boiler where tho iron is generally 
painted red, tho drawing should show that colour also. Tho 
finishing tint for rod over all should be composed of lake, 
gamboge, and carmine. Blue as a finishing tint for such 
purposes is very well, in certain drawings only, for tho repre- 
sentative colour of iron. 

Light red, or as it is sometimes called Indian red, is used 
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more for mixing up with other colours such as for wood, 
brass, &c., than for use by itself. 

Finishing Tints , — The finishing tint for brass is composed 
of gamboge, yellow ochre, and light rod ; for nood, of 
gamboge, yellow ochre, and a little burnt umber ; for copper, 
of gamboge, yellow ochre, burnt umber, and lake (the latter 
predominating’^ 

The finishing tint for stone seems to vary with the ideas of 
the individual, though a very good tint is composed of gam- 
boge, light red, and burnt umber. 

Finishing tints should never be mixed up at night, as by 
artificial light it is difficult to judge of them properly, espe- 
cially yellows and greens. Such colours, if to be used at 
night, should be made ready in daylight. 

Many coats of a chalky finishing tint over a shadow should 
bo avoided, as it will lighten the shadow; and in any coloured 
drawing to be stretched on cloth for fiaming no chalky 
tints, such as indigo in iron plate sections, or shade lines, 
should bo put on till after it is stretched, and if to bo var- 
nished, not until alter the drawing is sized. 

When wood woik occuis, as it fiequently does in 
engineeiing drawings, the best way for gi dining the side of 
fir or other soft wood is by using the colour for such a pur- 
pose (before refcirod to) and washing off tho edge with 
water-brush as at a, Fig. 307 ; for oak with tho drawing 
pen as at b. 


Jl 13 



lig. o07. 

The latter requires more practice to do it effectively than 
the former. In a drawing that is to be sponged the graining 

L 2 
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or any finishing colours or shade lines should never be 
put on previously. In end wood the ink compasses* are 
generally used for the circular work as shown at a, Fig. 
008, with its colour (light red, called Indian red, or sienna). 

Another eflect is produced by doing those 
circles by hand with the brush, and shad- 
ing one side off as at b, and showing a 
few radiated shahes from the centre; in 
cither system both the side view of wood 
as well as the end views should have 
a coat of wood colour previously to grain- 
ing. To distinguish a brass section from 
wood, of course the difibrent yellow 
colour would so far assist, but in the 
former case the sectional lines should be 
Vjg. 30 «, straight and diagonal. 

In some pictorial drawings for framing a very slight wash 
of thin gum or isinglass is put on the dark places, to bring 
out the effect ; but this is very seldom resorted to ; there 
ought to be effect enough without it. 

Sections , — In cross sections not to be crossed with 
diagonal lines, light tint should be put on, and it should be 
the lightest part of any flat surface in the drawing; the 
light should bo loft at the edge, as explained for other lU’oject- 
ing flat surfaces, the finishing colour coming over all. If to 
bo crossed with diagonal lines they ought never to be so with 
Indian ink on a coloured drawing, but with bluish tint for 
iron, and yellowish for brass, and after all sponging, and 
before any shade lines. Even in a section to be crossed with 
diagonal linos, it is more effective to give a light wash all 
over first with blue for iron, and yellow for brass, but no 
other tint previously, as in the other instance. Crossing with 
diagonal lines is always difficult for a beginner ; when not 
equidistant they destroy the look of the drawing. The 
other process, under such circumstances, is the bettor way, 

♦ See remarks on spring bows, Chapter XIV., Fig, 217. 
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For drawings having sections. of iron plates, if less than to 
a scale of ^ -inch to a foot, the section of the plates or angle 
iron on a darkly shaded ground should bo drawn in with 
indigo, or Prussian blue and flake white, after all the finish- 
ing colour is put on ; Indian ink never shows well, being of 
a glossy nature. In drawings to a larger scale the sections of 
iron plates are composed of two lines for the thickness, and 
should be filled up with light Prussian blue. 

After all the colouring of a drawing is finished, if to bo 
shade lined (which in most cases improves a drawing, the 
thick line taking off any little roughness left from the 
shading at lines at shade side, and on which side they 
always come), the circles, as in outline inking (Chapter XIV.), 
must be put in before the lines. (For border line, margin, 
and printing, see Chapter XVII.) 

A shaded drawing should never be rubbed with India- 
rubber. Stale bread a day old is the best thing to rub the 
white part of the paper with, the crumbs of which, if not too 
dry, may be gently rubbed over the shaded part if it shows 
the least dirty. 

If it is wished to gi\e an uncolouri'd diawiiig the appear- 
ance of a shaded engraving, by fine lines (which can only bo 
done after much practice), the flats should have a light tint 
of Indian ink, the rounds shaded also as in shaded drawings, 
but only with one coat of the thin tint n'ferred to ; the 
shadows should then be ruled in by lines above the tint, with 
the drawing pen in the best possible condition. It will have 
a better effect than by simply being ruled without the tint. 

In shading or colouring an outline engraving, unless it is 
printed on drawing paper, it must have a thin coating of 
size (isinglass) over it, otherwise the cflect will be much the 
same as attempting to shade on ordinaiy blotting paper. 
The shading on paper prepared with size cannot be spongedt 
(For cutting off a finished drawing see Chapter XXin.) 
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CHAPTER XVII. 

TRINTTNG AND BORDER LINEFI. 

The plainer the printing api)cars on any drawing the better, 
and lettering such as A B C is admitted for common 
engineering purposes to be the best, as it is certainly of a 
form quickly made. The same form of lettering in outline 
looks well if properly done, but it is found that begin- 
ners generally manage the above better. In this work it is 
as well not to accustom one’s self to the T-square and ink 
bows, as a stiffness results, which in print of the size in 
example given should be avoided ; though for letters half an 
inch wide, either in outline or lilled- in with black or colour, 
the square and compasses arc requisite. The stylo which 
can bo done nwbt quickly for dra^\ings to be completed hastily, 
is somewhat similar to that first alluded to, but inclined thus 
A BG Here, should any letter not bo inclined exactly 
at the correct angle, the difference is not 
BO easily detected as w^ould bo with the 
verlical letters. Set squares, as in sub- 
joined diagram, may bo used with advan- 
tage for the foiination of the letters indi- 
cated on it for vertical print, having four 
angles on one side, as shown ; any of which 
may also bo used for ruling for inclined 
print. They cost about Ls. each, or 2s. Gd. 

Fig. 309. for a set of three. The ordinary way of 
using them is by placing them against the T-square. 

Gorman Text or Old English, when done nicely, is 
suitable. 

Elaborate printing and belaboured border lines with orna- 
mental corners, divert the attention of the observer from the 
drawing to the surroundings ; though it is admitted, at the 
same time, that indifferent print, or a thick black border line 
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like a mourning card^ on a good drawing, completely destroys 
the look of the drawing. 

Where there are to be two or three lines of print under 
each other on a drawing, the easiest way of dividing off the 
lettering is to take a slip of writing-paper, draw a line at a 
distance from the edge cciual to the size of the letters, then 
by hand — sketch in this space all the words that belong to one 
line ; take the half of the length of the lettering on the slip, 
and put a central mark on the edge. Apply the edge of the 
slip with the sketched letters to the lower line for print on 
the drawing, having a centre line upon which to place the 
central mark of print on slip, and sketch in between the print 
lines every letter, opposite the corresponding letter on the 
slip, and so on with every fresh line of print. This will be 
found a much bettor way than counting the letters in a lino 
and dividing on each side of the centre line for the number of 
letters ; in this way there is always trouble with such letters 
as W’s and I’s not occupying the equal spaces. Even wdth 
half-inch letters it is easier to print them on the edge of a 
slip of paper of their proper size, and ffnding the half of 
whole length, apply the centre of slip to centre line of 
printing on the drawing. 

Each letter is drawn in correctly with the pencil previous 
to inking-in. Where there is more than one line of print, 
the space between should not be less than between the linos 
containing the letters. 

It is a question of taste and convenience where to place 
the printing on a drawing. In a coloured picture of machinery 
to be framed, embracing several views — if each view is to 
have its special name of side elevation, &c. — the print should 
not be heavy looking ; though it is thought preferable only 
to state simply the sort of engine (if such) and its horse-power, 
under the lower border lino, and between it and the edge 
of the frame line. 

As a guide for printing letters of proper form, the following 
examples will always be found useful for reference 
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No. 1. 

ABCDEFGHIJKLMNOPQ 

RSTUVWXYZ 

1234567890 

ABCDEFGHIJKLMNOP 

QRSTUVWXYZ 

1234567890 

No. 2. 

ABODE EGHIJKLMN 
OPQRSTUVWXYZ 

a b c d ef (j li ? J k I m 7i o p q r 
s 1 71 V 10 X y z 


No. 8. 
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Um«0|r[rst 

No. 4. 

^93 e IB isiT % 3r 
iM p <!Ek. m ^ c m w am 

aiicVefsibiiftlmnojpqit^ 

Stencilling the print on dra'v^angs with the thin copper- 
plate and hard brush is convenient when a drawing is re- 
quired hastily ; but, if not touched up afterwards, never 
looks equal to print carefully executed by hand. 

The following is the price of stencil plates having letters 
similar to the examples given and correspondingly numbered 
1, 2, 8, 4 


H RIGHT OF Letters 

^^IN. 

ilN. 

|IN. 

ilK. 

^ IN. 

|IN. 


S. 


s. d. 

.t. 

d. 

.«?. 

d. 

s. d. 

s.d. 

No. 1 Alphabet, plain block 

4 

0 

4 0 

4 

6 

5 

6 

6 0 

6 6 

Do. Letters in words, per dozen .... 

1 

0 

1 6 

2 

0 

2 

0 

2 0 

2 6 

No. 2 Alphabet 

4 

G 

4 G 

5 

0 

6 

0 

6 0 

7 0 

Do. Letters in words, per dozen .... 

2 

0 

2 0 

2 

0 

2 

0 

2 0 

2 6 

No. 3 and 4 Alphabet, German Text or 










Old English 



5 0 

6 

0 

7 

0 



Do. Letters in words, per dozen .... 

2 

6 

2 G 

3 

0 

3 

0 




In regard to border lines for ordinary plain drawings, one 
single fine line, finished square, or rounded at the corners, 
and at such a distance from the edge of the paper as has 
been already elsewhere referred to, always looks well. Bor- 

L 8 
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dering pens for drawing thick lines, if so required, will be 
found described in Chapter IV. 

A drawing highly finished and coloured may have a border 
line composed of two fine lines one-sixteenth of an inch apart, 
with the upper corners rounded, cither quadrant, or a para- 
bolic curve, and the lower corners square, and these double 
linos filled in with gold size, or with light red, or burnt 
umber ; either of which slightly mixed with Indian-ink has a 
good effect. Two or three coats should be put on thin, or 
the top and left-hand border lines (or those corresponding to 
the direction of the light for the shadows in the drawing) 
may be shaded with light Indian-ink, after which, going all 
over with the tints rcfciTod to will give the drawing that re- 
cessed appearance in which pictures arc frequently mounted. 
When border lines, as those described, surround a drawing, 
the print looks better when of the same colour, and of a 
thickness corresponding to the border line ; such print being 
first poncillcd-in in outline and then filled in with the 
colour. 


CHAPTEE XVm. 

DELINEATION OF SCREW-PROPELLER SLIP AND PATH. 

To delineate screw slij). 

Having ascertained the speed of the vessel in miles per 
horn*, or feet per minute, and the number of revolutions the 



Fig. 310. 

screw makes in the same time, it can then be easily deduced 
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how many feet the vessel passes 
through during one revolution of 
screw ; which distance sot off to a 
convenient scale, at a c, Fig. 810, 
making that a pitch in which to 
draw the actual curve made by 
the screw. Set off the distance 
A B equal to the real pitch of the 
screw : the difference between the 
screw as working in a solid ab, 
and compressed to the distance a c 
by the friction of the vessel pass- 
ing through the water, is the slip, 
equal to c B or positive slip. Oc- 
casionally there are instances when 
the given speed of ship and screw 
show negative slip, as at a f. The 
difference between the actual pitch 
of screw and speed of vessel being 
B F, and as also indicated by the 
dotted curved line. The half dia- 
meter on D E is common to each 
pitch — A c, A B, and a f ; the curves 
are drawn by the same process 
as that described in Chapter XIII, 
Fig. 204. 

Figs. 811, 812, and 818, are 
the delineations of the paths of 
screws having two, three, and four 
blades respectively. 

The pitch, diameter, and speeds 
shown, are the same for all the 
diagrams, to delineate which re- 
quires only a little cardboard mould 
having a curve equal to one- quarter 
of revolution (as ah Cj Fig. 811). 
The curve is found by laying it off 
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correctly in the first instance, as in Chapter XIII., Fig. 204, 
The respective centre lines are sot off in position as indi- 
cated by the vertical dotted lines. 

Note. — In finding the curves for these diagrams (Figs. 
811, 312, and 313) it is better, so as to prevent confusion, 
to lay each path curve down separately, and then transfer 
each to the one diagram, where they are intended to be, by 
tracing. 


CIIAPTEE XIX. 

DELINEATION OF PADDLE-WHEEL SLIP AND PATH. 

To delineate the cycloidal curve , or 2utth of a paddle-tcheel ; 
the speed of the ship and rate of revolution of the paddle-wheel 
heiny ylven. 

Let A JR, Fig. 314, be the distance travelled by the ship in 
one revolution of the wheel, and a o the diameter, the wheel 



having sixteen arms or floats, which will bo used in making the 
diagram — to render the process more easily understood. Divide 
A B into the same number of equal parts, in this instance, as 
there are arms in the wheel ; and draw vertical lines, 1, 2, 8, 4, 
&c., thi’ough these points ; on each of the points on the centre 
line D E, where the vertical lines intersect it, and with a 
radius equal to half diameter of wheel describe the dotted 
circles as shown. In each circle the one arm is drawn as 
advanced a sixteenth of a revolution upon its previous posi- 
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tion. Suppose the float to start from its vertical position at 
the lowest point o ; take a sixteenth of the circumference of 
wheel (the distance between two floats b r), in the compasses, 
and on the circumference of the second circle from 1 — sot off to 
the left — the point 1', and join g 1', which will be the position 
of the arm when the paddle has advanced a sixteenth, or from 
h to g. Next, from vertical line at 2 set off the same distance 
twice on chcumfcrencc to the left as from 2 to 2', and join 
h 2, which will be the position of the arm when the paddle 
has advanced two -sixteenths (or from h to k), and so on 
until the half, or 8, is reached ; a line passing through the 
points will give the curve of half a revolution of wheel, the 
other half of curve being similar. Another method of finding 
the points for the curve is shown for the half to the right. 
Draw the horizontal lines from the points I &c., where 
the seveial arms cut the circumference of the wheel to their 
respective ladii p, r, (^c., and the intersections are the points 
through whici: to di’aw the half of the curve. If a part of 
the curve is reputed at the lower part, as in Fig. 315, it shows 
the slip of the floa^ dming immersion. 

In drawing the euwe of a paddle having revolving floats, 
the process is somowBkt 
similar. Having drawn the 
requisite number of circles, 
as in Fig. 814 (one for each 
float), with their centres at 
equal distances apart, the 
distance between the cen- 
tres of the first and last vig. 315. 

being equal to the distance the vessel travels during one 
revolution of wheel; also a temporary side view of the 
wheel, with its floats in position, each float is transferred to 
its own circle at the same angle and on the same level as its 
representative in the side view of the wheel. 

The curve is drawn in with the moulds referred to in 
Chapter IV. 
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CHAPTEB XX. 

TRACING. 

If a drawing intended to be shaded is to bo traced, the 
tracing should, if possible, be done first, as it is most difficult 
to see the lines on a shaded drawing through common 
tracing paper. However, shaded drawings have frequently 
to bo traced, and for these the tracing-paper should have 
more than the ordinary proportion of oil in it, or engravers* 
tracing-paper should be used, though in such cases the oily 
tracing-paper is likely to make the original drawing oily, 
sometimes so much so as to alter its appearance. For a 
tracing simply to be outlined, the common way is to fasten 
the tracing-paper above the drawing round the edge with 
brass pins, the tracing-paper being large enough (especially 
if it is above a valuable drawing) to allow the pins to be 
clear of the original drawing. When a sheet of tracing- 
paper is not large enough to allow of this, and only an out- 
line tracing is required, then little strips of thin paper with 
one edge gummed on the tracing paper, and the other end 
on the board beyond the edge of the drawing, may be used, 
and placed about 6 inches apart. As weights on the corners 
come very much in the way of the square, the only other 
common way is to pin the tracing, and when it is removed 
the pin holes can bo easily eflaced from the drawing by 
turning it upside down and squeezing the projecting edge of 
the hole with the top of a pencil or ink-bows. Referring to 
such trifling matters may appear to be going too much into 
detail, but those little matters are of daily occurrence in 
most drawing offices. 

In tracing at any time from another tracing both should 
be placed above a sheet of drawing-paper, the lines will then 
be better observed. In all the particulars of lining the same 
rules should be observed in regard to drawing circles before 
lines, &c., as is described in Chapter XIY. 
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A*s the breath affects unstretched tracing-paper while 
tracing, it is the more correct way to entirely finish both 
circles and lines within a small area at a time, as if all the 
circles were put in first (as in a drawing) many of them 
would be out of position before the lines could be drawn. 

If a tracing is to be coloured it must be stretched, or it 
would never lie flat after being moistened ; and if it is to 
undergo the colouring process after outlining before being 
removed from the original drawing underneath it — the 
tracing-paper must exceed the size of the drawing all round, 
sufficiently so, that when cut off it is cut clear of the drawing 
underneath it. 

In an unstretched tracing to be coloured hastily, and for 
which process there is not sufficient time for stretching, 
weights placed close to and around any part immediately 
after the colouring is put on greatly lessens the buckling up 
as it becomes dry. 

If a tracing is to bo mounted it is unnecessary to stretch 
it before colouring, and even for colouring it can bo done 
more easily after than before it is mounted. 

In the stretching process, before gumming down, the sponge 
cannot be used, but if a clean sheet of any sort of white 
paper is laid over the tracing-paper and a sponge applied to 
the top side of the former, enough of moisture will bo found 
to go through the upper paper in a few seconds to stretch 
the tracing-paper sufficiently. Sometimes merely to breathe 
on a small sheet of tracing-paper will be found equally 
effective. 

In composition of tints, and shading, and colouring, the 
same rules as described at Chapter XVI. are ax)plicable. 

In colouring tracing- cloth it presents a more satisfactory 
looking front if the outline is turned upside down and the 
shading and colouring put on the back ; the shaded side, at 
the best, is never very satisfactory, but there is produced a 
regular appearance on the right side. Tracing- cloth, although 
not damped, should be gummed to the board in the same 
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way as tracing-paper, and the tighter it is put down pre- 
viously by brass pins the less liable it will be to buckle up 
after being coloured upon. The tints should be put on more 
sparingly at a time than on drawing-paper.’*' 

In joining sheets of tracing-paper the joint should not be 
more than a quarter of an inch broad, and the gum should 
bo nearly as thin as water for this purpose. Whenever the 
joining is made the joined sheet should bo rolled upon a 
roller, and with the joining in a line with the roller ; a strip 
of drawing-paper should be placed on each side of the joint 
until quite dry, when the joining will be found straight and 
smooth. Tracing-paper, or tracing- cloth, after being drawn 
upon, is frequently mounted on thick calico when required 
for constant reference ; in which case it is better to first 
mount the tracing on white paper and then paste the calico 
on the back of the thicker paper. Tracing-paper is first 
stretched on a board by being damped and gummed down 
at the edge all round ; the white paper to which the tracing 
is to be permanently attached having a thin coating of paste 
is then turned over on the tracing (which should be perfectly 
dry) and rubbed quickly all over the back ; when completely 
dry it is cut off as described in Chapter XXUl. 


CHAPTER XXI. 

nn\^^^NOS FOR ENGRAVINGS AND PHOTOGRAPHS. 

A SHADED drawing to be engraved from should be traced, 
when in outline only, with a fine-pointed pencil, not too 
hard, and the tracing applied by the engraver to the copper 
or steel plate upon which the engraving is to be made. The 
engraver prefers the tracing, if he cannot have the drawing 
in outline before it is shaded. Frequently the engraver pencils 
the lines of shaded drawings over with a fine-pointed pencil, 

♦ Some tracing-cloth will take tho colour better if the part to be 
coloured has a rub with hard chalk. 
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preferring that to tracing it himself ; and such drawing when 
placed on the waxed surface of the metal plate, and well 
rubbed on the back to transfer the pencil lines to the wax 
surface, invariably soils it ; but if traced — all the hard outlines 
of shadows should be dotted only by the pencil ; and to 
preserve the shaded drawing it should bo put on a board of 
the exact size, with a glass to fit, and pasted with paper all 
round the edge to keep it in its place. This, with the tracing, 
is all the engraver requires. The shaded drawing, as well as 
the tracing, is wanted to guide the engraver in copying the 
shadows generally. When only an outline engraving with 
shade lines is requii’od the engraver need not have the draw- 
ing at all, if the pencil tracing has a mark on the lines that 
are to be shade lines. A dot in red ink on each of such lines 
is sufficient, as such mark is also transferred to the wax sur- 
face on the plate. Another way is to give the outline of a 
drawing (which is to have shadows on the finished engraving), 
with the required shadows dotted in ; an engraved dry proof 
on drawing-paper of the plate in outline can then be given 
to the draughtsman to fill in with the shadows, and covered 
up by glass as before stated. 

A scale should always be made with the engraving or 
lithograph, instead of saying (either on the plate or in any 
accompanying letterpress) that it is drawn to any particular 
scale. The reason is, that though the metal plate, or the 
stone, or the wood may have the correct size of the drawing 
on it, yet the paper just before receiving the impression is 
damped, and consequently expands. On a length of — say 
2 feet the error will be I or -Jth of an inch, a difference 
which means 2 or 8 feet in a drawing made to Jth of an 
inch to a foot, and rendering it of no use. It is seldom any 
two engravings from the same plate are exactly of the same 
size, depending entirely on the degree of moisture in the 
paper at the time of printing from the plate ; no engraving 
is ever of the same size as the original drawing unless printed 
on dry paper, a process at once unsatisfactory. 
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It is sometimes the practice when a drawing has to be 
reduced for engraving, or other purposes, to use photography; 
if the drawing is not too large this may bo clone satisfactorily 
enough, but beyond a certain size — to reduce it by hand is 
more correct. In reduced photographs of a large drawing 
the parallel lines of the latter converge in the former for the 
reason explained in perspective. Photography is also useful 
for enlarging within certain limits small intricate drawings. 
Drawings whoso lines are in representative colours,* when 
photographed, never produce (for optical reasons) satisfac- 
tory results; blue colour, for instance, shows indistinctly, 
and yellow surfaces in shaded drawings come out very dark, 
to the disappointment of those inexperienced in the process. 
A drawing made for the purpose of being reduced by the 
process referred to should have all its lines (if an outline 
drawing) and shadows (if a shaded drawing) of indian-ink 
only. 


CHAPTER XXII. 

DEAWIKGS FOR LECTURES. 

In largo illustrative drawings for lectures, too largo to make 
on an ordinary draAving table, the best way is to tack the 
paper on the wall of a room, and use a line and plummet for 
the vortical lines and a straight-edge with spirit level for tho 
horizontal lines. One good base line being made, tho others 
can be made by measuring up from it at two points in the 
length, or a straight-edge may be nailed along the bottom 
of tho paper and the flat stocked square, described at Fig. 14, 
Chapter III., used for tho vertical lines. The lines on such 
drawings to be visible, ought to be at least iV of an inch 
thick, for which two pencil lines should bo made and tho 
space between filled up with the ink ; and if a coloured illus- 
tration, should not be inked in till after the colouring, or after 

* As in office drawings for reference (Chapter XIY.). 
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the sizing process before varnishing, otherwise tho thick black 
lines would be apt to mn. If for only an outline, common 
writing ink does as well as Indian ink for tho purpose. If it 
is to be coloured it must be taken down and laid flat on a 
table, and if the table is not largo enough to contain all the 
drawing, the drawing must be unrolled in such quantity at a 
time as will suit tho size of board or table. Should the 
paper huclde up by tho moisture in colouring (not being a 
stretched drawing) it is of very little consequence for the use 
it is to be put to. When largo quantities of fluid colour are 
necessary, it will bo found convenient, rather than con- 
tinually rubbing down, to melt down a shilling cake or cnjics 
of colour largely used, such as Prussian blue, or yellow, in a 
wide-necked phial containing eight cubic inches of water to the 
cake. The phial containing this diluted colour should be kept 
corked up when not in use, a little being taken out by the 
brush when required and diluted in water according to tho 
depth of tint required. 

Besides the ordinary way of shading these drawings 
(referred to in chapter on Shading), it is efiective, for such as 
are to be viewed from a distance, to shade the rounds with 
lines of Indian ink as in an engraving, put on after tho 
finishing colour, and if to bo varnished, after tho sizing pro- 
cess and before varnishing. Another way of shading tho 
rounds is by using a neutral tint (as for iron work) without 
shading oft' with water as in ordinary drawings, putting on 
the tint broader every time, tho central darkest place being 
put on first, and diluting the tint as it gets nearer tho centre o 
tho round object. A round when shaded thus, when observed 
closely, appears like a figure of many sides, but at a distance 
this is not observable. 

Large illustrations can also bo eflectively done in oil 
colour, by sizing the paper, after the lining process by pencil 
or fine Indian ink lines. (For large sized brushes for these 
purposes, and their cost, see Chapter VI.) 
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CHAPTER xxm. 

CUTTING OFF A DRA^TCNG. 

Rkfore cutting off a btrctclicd blioet care bLould bo taken to 
observe that it is peifoctly dry, for if cut off with parts of the 
surface a little damp it will never lie quite flat. 

In cutting off a bhcet which has been properly expanded 
before being gummed down at the edge, if the following rule 
is not observed, there is a risk of tearing out a piece from one 
corner of the sheet. 

The opposite sides should never be cut first, for if so cut, 
upon nearly completing the cutting of the third side, the 
paper undergoes conti’action, and the fourth side pulling 
against it, is a])! to snap off the remaining inch or so, and 
generally in towards the sheet, seldom in the margin on the 
outside of the cutting off' line. The sheet should be cut off 
all round, taking care, by aj)plying the knife blade under the 
edge of the sheet, that it is free from the board before pro- 
ceeding to cut off’ the side or end adjoining. When the 
knife is applied — it is better to cut by the line made at first 
for that purpose, without using the T-square or a wood 
straight-edge, the edges of cither being apt to get cut from 
the process. A metallic straight-edge may, however, be used 
with advantage. 

When the sheet is removed the strips of drawing paper 
which are left on the board should be simply sponged over 
two or three times, and they will peel off easily. It is 
better also to let the gum of the joint remain on the board 
to assist in the adhesion of the joint of the next sheet to be 
stretched, if of the same size as that cut off. 

If, in a stretched sheet, it is found that only a portion is re- 
quired for the drawing to be cut off, the remaining part of the 
paper being still required for another drawing, and requiring 
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its tension ; rather than damp the remainder and fix the loose 
side, it is better to make a few incisions across, as at c, Fig. 816, 
before the drawing, say on side at 
7; is cut off, and having gummed and 
pinned down those at c, and let 
them dry, proceed to cut and gum 
the intermediate spaces d which will 
keep the remaining portion of paper 
a as tight as before while freeing 
tho part b from the board. 


I 
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CHAPTER XXIV. 

SUNDRY NOTES. 

When a drawing is cut off it is bettor to keep it flat in a 
drawer for the purpose, or in a portfolio, than rolled up, 
unless for exportation. Japanned tin cases are to bo had 
for rolled drawings, and at the following prices: 80 inch 
65., 42 inch Is, 6f/., 54 inch 10s, 

A common substitute for string for a rolled drawing, and 
one less likely to crease the drawing, is made as follows : — 
Take a strip of drawing paper from ItJ- to 2 inches broad and 
an inch longer than tho circumference of tho rolled drawing. 
About half an inch from each end, make incisions — at one 
end in tho middle, and one-third of breadth across ; at tho 
other end at tho sides, each one-third across ; fold in the 
sides so that they may pass through the opening at tho 
opposite end of the strip, and on being opened again after 
they have passed through, the whole will present a hoop, 
which, when slipped over the drawing, will keep it secure. 

Should a fir drawing board get accidentally dented, within 
certain limits an application of water to the part will bring it 
up to its proper level. 
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Should a drawing got a grease spot, it can be very 
nearly removed (at least so far as to bo hardly visible) by 
the application of a hot smoothing iron on clean blotting 
paper placed over the spot, but not sulSciently to be coloured 
over. 
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The several matters contained in the following Appendix 
will be found useful for reference ; they are so closely con- 
nected with the subject of the book as to render some men- 
tion of them necessary. 
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‘ PART I. 

ARCHITECTURAL ORDERS IN ENGINEERING. 

The following examples and description of the architectural 
orders, referred to in Chapter XIII., will bo found useful, as 
giving Iho proportions of those most frequently adopted in en- 
gineering, namely, tho Tuscan, Grecian, and Roman Doric 
orders. An example of each, Plates III., IV., and V., is 
given, drawn to a scale, with tho proper proportions in tho vor- 
tical spaces at the loft hand side coinciding with the architec- 
tural scale of minutes on drawing (though an ordinary scale of 
feet and inches may bo applied to these drawings, and tho pro- 
portions will still be preserved). It may be as well to remark 
that tho projections in front of the observer are the same as 
tho projecting profile to tho right, and the projections marked 
in figures are from tho dotted lino running through tho 
centre of column, upwards. Tho shaft of a column is never 
cylindrical, that is, of equal diameter throughout, being 
always tapered to a certain extent to^vards tho upper end. 
Tho degree of tapering is called tho diminution of thQ shaft, 
and ranges between ono-fourth and ono-sixth of the diameter 
at the bottom of shaft. 

Tuscan Order. — ^The total height of tho Tuscan order, 
Plato III., is divided into five equal parts ; four of them aro 
given to tho column and tho other part to the entablature, Tho 
column is seven diameters high, and is shorter in proportion 
to its diameter than any other of the orders. Tho capital is a 
semi- diameter high ; the base with the lower cincture of tho 
shaft is aWo half a diameter. Tho entablature, ono-fourtb 

M 



242 


APPENDIX. 


of the column, is one-and-three-quarters diameters high ; it 
is divided in the same proportion as the other Roman orders, 
two-fifths of its height being given to the cornice, and the 
other three-fifths divided equally between the architrave and 
frieze. The projection of the cornice over the vertical faces 
of the inferior members is equal to its height. 

Ghecian Doric Order. — The following are the average 
proportions for the members of the order, Plato IV. Taking 
the diameter at the bottom of the shaft as the unit of mea- 
surement, the column is six diameters in height. The 
diameter at the upper end of the shaft is three-fourths of a 
diameter — ^that is, the shaft diminishes one-fourth of the 
diameter. The height of the capital is half a. diameter. The 
height of the entablature is one-third of that of the column, 
or two diameters. The surface of the shaft is usually 
worked into twenty very flat flutes, meeting each other at 
an edge. 

Roman Doric Order. — ^Dividing the whole height of the 
order, Plate V., into five equal parts, one of those is given to 
the entablature, the height of which is therefore one-fourth 
of that of the column. The column tapers one-sixth through- 
out the shaft, and is eight diameters high, of which one 
diameter is distributed equally between the capital and the 
base. When fluted, the flutes are separated by fillets. The 
entablature is two diameters in height, and divided into 
eight equal parts ; these are distributed among the cornice, 
the frieze, and the architrave according to the numbers 8, 8, 
and 2. 


PART II. 

VOLUTE. 

To describe a Volute: given — the number of revolutions of 
quarters of which the sjnral is to consist ^ the vertical height oj 
ike spiral f and the diameter of the eye. 

Lot AB, Plate VI., Fig. 1, bo the height of the volute, and let 
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tho spiral make three revolutions, consisting, therefore, of 
twelve quarters ; bisect a n at the point c, and from a b cut off 
A D, equal to the given radius of the eye ; divide n c into as 
many equal parts as there are quarter revolutions in the spiral 
to be drawn (which in this case are twelve in number) at the 
•points 1, 2, 8 .... 11, 12. To prevent confusion, this divi- 
sion is indicated upon a parallel line d' c' ; draw d e at any 
angle with d n', and make it equal to two of these parts ; 
join d E, and from the points 1, 2, 3 . . . . draw straight 
lines 1 F, 2 G, 8 H . . . . parallel to o' e ; taking c d equal to 
one part, draw d f perpendicular to a b, and equal to 12 e ; 
draw / (j perpendicular to d/, and equal to 11 Q ; draw again 
g h perpendicular to f g^ and equal to 10 p. Proceed in this 
manner until all the sides are drawn; then, the points 
•••• Pi '>'i so found, are the centres from which the 
quadrants which compose the spiral must be successively 
described. For this purpose, produce df iol^ f g to 2, g h 
to 8, and so on ; the quadrants, as they are described, will 
be limited by these lines ; from the centre d, with the radius 
d B, describe the quadrant b 1 ; from the centre /, with the 
radius /I, describe the quadrant 1, 2; from g, with the 
radius g 2, describe in like manner the quadrant 2, 8; proceed 
in this way till the last arc, 11, 12, is described from the 
centre g, with the radius ^ 11 ; then, finally, describe the 
circle at the centre from the point r, and with the radius 
r 12. If the operation be accurately performed, this radius 
r 12 will be equal to a d, as required, and the spiral will be 
completed. 

But, as the process, as it is now described, is very liable 
to inaccuracy, the method of finding the centres shown on a 
larger scale at Fig. 2, is at once more expeditious and more 
certain. Having drawn d f perpendicular to the vertical 
line, bisect it at ^ ; draw e r perpendicular to d /, equal to 
d e or c /, and join d r and / r ; divide e r into three equal 
parts, es, st, t r, and draw I s k and nto parallel to d /; draw 
fg perpendicular to d/, and equal to 11 q ; draw g h and i h 
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respectively parallel and perpendicular to d/, meeting at the 
point h ; draw the diagonals gp and h q parallel to d r and 
/r, and draw the perpendiculars Jcl, opy rq, nm. In this 
way all the centres are determined, namely d, /, g, h, . , . . 
o, 2h Qi r. 

To describe a second spiral, which, with the first one, shall 
include the thickness of the hem, a similar process is appli- 
cable. Set off B E for the thickness of the hem at that part, 
and, supposing the hem to dimmish in thickness equally for 
each half revolution, divide b b into six equal parts. As the 
spiral describes six half revolutions, it will diminish in 
thickness one-sixth of b e for each half revolution ; set off, 
therefore, a s equal to five-sixths of b e, then e s is the heigh 
of the second spiral. Bisect b s at t, and set off s v equal to 
the radius of the eye ; divide t v into twelve equal parts, and 
the method already described for finding the centres may bo 
applied. 


PABT HI. 

EXPLANATION OP A SHIP DESIGN. 

A ship’s design, commonly called a ship’s Uncs, is geno 
rally composed of three views, as shown in subjoined 
diagram. Fig. 817, namely : — 

The Profile, or sheer draught a. 

Half Breadth Plan b. 

And the Body Plan c. 

These are always drawn together, and to the same scale, 
which is generally one-fourth or one-eighth inch to one foot 
and with the bow of the vessel invariably to the right-hand 
side, the half- breadth plan b always immediately below tho 
profile, and the body plan o to the left of the profile. 

As both sides of tho drawing would bo alike, one side, or 
\ uo-h‘alf, is quite sufficient in both tho half-breadth and tho 

♦ For the form of scale on ships designs, see Chapter V., Fig. 21. 
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body plan ; tho midship section being the same on each side 
of tho latter, one midship section is drawn, common to both 
sides — the right-hand space containing tho bow end view, 
or fore-body, and the left the stern end view, or after-body, 
each as seen from amidships. The profile a shows tho general 
contour of the vessel, in other words, tho side elevation, 
together with any carving, figure-head, ports, and other 
openings in, and projections from, the ship’s side, the sta- 
tions of masts, &c. It is tho part of the design which espe- 
cially helps a person to realise what the ship’s appearance 
will be when built. 

The vertical lines are sectional, and are generally placed 
where the moulding edge of a frame or rib is to bo, omitting 
one or more between each vertical in the drawing. The one 
at the broadest part of tho vesel, or midship section, is dis- 
tinguished by the conventional mark or sign 0 underneath 
it, and to prevent confusion in the corresponding sections 
(which will bo presently explained) in body plan, these ver- 
tical sectional lines are usually marked alphabetically from 
midships to the bow with capital letters, and, when these are 
exhausted, by italics. Tho vertical lines towards the stem 
from midships are usually distinguished by numerals ; but 
sometimes numerals are used throughout the length, begin- 
ning at the bow. If a part of the vessel amidships is parallel 
and has two or more frames or sections alike, these are 
commonly distinguished by repeating the same letter or 
numeral within parentheses. If tho vertical section is where 
every second frame is to be in the ship, tho first vertical in 
the drawing from midships aft would bo marked 2, showing 
that a 1 (frame) has to be placed between midships and 2, 
in the construction of tho ship. Tho same rule is observed 
in proceeding forward from midships ; if every second frame 
only is indicated by the verticals, tho first letter from mid- 
ships would be marked b, showing that between midships 
and B another frame a is to be placed in the ship. 

The longitudinal lines parallel to the lowest horizontal 
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lino are called water lines, and named first, second, third, &c., 
placed two or throe feet apart, the top line being the load- 
water line ; it is frequently made stronger than t£e others. 
When the lower line, or keel, is not parallel to the load-water 
line, the intermediate lines, 1, 2, &c., would, in most cases, 
be drawn parallel to that line ; if di*awn parallel to the keel, 
they are known as ‘‘level” linos. These -water lines are 
simply to indicate the position of the horizontal sections, 
plans of which arc given in the half-breadth plan n, below 
the sheer draught a. The dotted curve lino on side view (of 
which there are generally more than one) forward of mid- 
ships is named bow-lino, and aft of midships buttock-line. It 
represents the section of the ship made by the vertical 
longitudinal plane of which h k shows the position in the half 
breadth. 

The half-breadth plan n shows the exterior plan of vessel 
and the plan of the water lines, which are in this view 
curves. The widths from the centre lino to these correspond, 
of course, to the positions of such sections, 1, 2, 3, &c., m side 
view A, and body plan c. The longitudinal dotted lino h h 
gives, as has been said, the position of the bow and buttock- 
lines, which, in the profile a, are represented by the curved 
dotted line, and show the form of the longitudinal section at 
the particular place indicated. Such lines are also a check on 
the other linos in proving their fiiirness, inasmuch as all the 
points in the intersection of the straight and curved lines 
must coincide in each view : for instance, if fromiho point n 
in profile a, where the curved bow lino intersects the straight 
side view of the second water line, a vertical line be drawn to 
the half-breadth plan n, it should intersect the curved plan of 
the second water lino where the straight corresponding plan 
of dotted bow line h k intersects it at p, and so with every 
other point of intersection. The transverse lines which are 
numbered and lettered correspond to the vertical lines in the 
profile. 

The body plan, or end elevation, o, shows the outline at 
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midslilps, and tlio curved form of frames corresponding to the 
positions of the linos of the vertical sections on profile and 
half-breadth plans, lettered and numbered to correspond. 
The water lines are straight, and correspond to the relative 
lines in the profile a. The bow and buttock-lines hh are 
also straight, corresponding to the line hh in half- breadth 
plan B. The breadth of the water lines, at any of the curved 
intersections of the frames, corresponds with the breadth at 
corresponding frame or section on half- breadth plan b. For 
instance, the breadth n g at the frame or section h, second 
water line, coincides with the breadth from ii to the second 
water lino, on half- breadth plan b. In after body c, the dis- 
tance R V, frame 20, second water line, corresponds to the 
distance 20 .u on half-breadth plan b, and so on. The points 
also whore the straight bow and buttock-linos in body plan o 
intersect the curved sections of frames, coincide with the 
relative intersections on profile a, whore the sections at 
frames arc straight lines, and the bow and buttock-lines are 
curves. For instance, the point y, whore the buttock cuiwc lino 
on profile a intersects fiamo 16 between the first and second 
water lines, coincides with the i^oint f in the body plan c, 
whore the same buttock lino intersects the frame 16. Fre- 
quently, as a further chock, particularly for laying down the 
full size of the ship in the moulding loft, which often, for 
want of surface, has to be done in short lengths, diagonal 
lines are drawn, as shown on the body plan c, from the 
centre lino to the side of body, which in the profile a and 
half-breadth plan b would bo represented as cuiwed lines, 
and all the other points of intersections of such additional 
linos and curves must agree in the three different views of 
the design. 

The curves in profile a and half-breadth b are drawn by 
the baton held by weights, and the curves of the body plan 
0 by parabolic and other moulds (page 73). The curves 
throughout a ship design always represent the form of vessel 
without the planking. 
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Sail di’aughts are generally made to a scale of J or iVinch 
to the foot, and ship details to i inch to the foot. Some 
designs contain a scale of displacement, which may be ex- 
plained as follows : — 

A B, in Fig. 318, represents the ship's mean draught of water 
on a certain scale (usually i or ^ inch = 1 foot) ; and cc,dJ, 
&c., represent the several water-lines, a a being the load- 
water line. On A a (drawn perpendicular to a b) a length is 
set off, representing on a certain scale of tons per inch (say 
100 tons = J inch) the ship’s load displacement ; on c c a 
length representing her displacement at the draught b o, 



Fig. 818. 


on D c? a length representing her displacement at the 
draught b d, and so forth. Through the points thus ob- 
tained the curve a c d ef bib drawn, and from it the ship’s 
displacement at any draught can be obtained by first measur- 
ing the draught upwards from b, and then measuring the 
length of the perpendicular meeting the curve. In calcu- 
lating the tons weight of displacement from the cubic content, 
85 cubic feet of salt water are taken as one ton avoir- 
dupois. 

Note. — The design shown at Fig. 817 is that of a sailing 
ship, and is selected in preference to the lines of a steam- 
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ship, though the latter more immediately concerns the engi- 
neer ; but the former, having a greater proportion of breadth 
to length, shows the several curves more distinctly. 


PART IV. 

DETAIL DRAWINGS OF STEAM- VESSELS. 

Detail plans and sections have their outlines taken from a 
design similar to that described in Part III., and are filled in 
with the various fittings, machinery, boilers, coals, &c. If 
a plan is required of any section between any of the water- 
lines shown in the half-breadth plan of a design, a line of 
section at the required height is drawn on the body plan ; 
and on this line measurements taken from the centre line to 
the interscctional points of the frames, and laid off from the 
centre line of the half-breadth plan at each corresponding 
transverse section, will bo the points through which to draw 
the required sectional curve. 

If a transverse (or cross) section is required between any 
of the curved sections or frames which are shown on the body 
plan of a design, a transverse line of section is drawn at the 
required position[on the half-breadth plan in design, on which 
the several breadths are measured from the centre line to 
the intersections of the curved water lines, and laid off on 
the corresponding straight water lines in body plan from its 
centre line ; a curve line passing through the several points 
will be the required cross section. 

In mechanical details of matters connected with shipbuild- 
ing where an engineer would describe a circle a shipbuilder 
would draw a parabolic curve with the mould ; the latter 
in most cases looks more “ ship-shape besides which, from 
a scientific point of view, it is allowed, to be more correct. 

In making highly-finished coloured drawings of the exte- 
rior side view, deck, sections, and especially of a longitudinal 
section, there is scope for the exorcise of much taste, as in 
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the representation of cabin fittings and general orni mental 
work ; and a little more skill — akin to art, than in shading and 
colouring the engineering portion of such dra'\vings.* The 
projections of some of the shadows arc also more intricate. t 

The Exterior Broadside Vieiv . — In representing the lines 
of plating, when they are to appear on a side view, they 
should be first correctly drawn on the body plan ; and the 
measurements, taken vertically to the intersecting points on 
the frames, should bo laid off on vertical lines indicating the 
positions of such frames on side view, and linos drawn through 
the points with the baton and weights (Chapter IV.). 

For a paddle steamer it is necessary to project the shadow 
of the rings and floats on the side of the vessel. For the pro- 
jection of the rings that described at Fig. 280, Chapter XV., 
is applicable. Having found the points for the shadow of 
one set and its arms, tho simplest way is to trace it, and 
transfer each to its respective place corresponding to its 
distance from the plane, and laid off from the centre ol 
the paddle, and at the same angle as indicated at Chapter 
XV. For tho projection of the shadow of the floats tho method 
described at Fig. 288, Chapter XV., is applicable. Tho projec- 
tions of the sides of the floats on the rounded part of tho vpssel 
at bilge are straight as in the upper floats, the ends of tho lower 
floats only being curved ; the points being found as in pro- 
jecting the shadow of a square flange on a horizontal cylinder. 
Tho tints for shading are similar to those for engineering 
drawing (Chapter XVI.). 

In shading the outer and inner streaks of the iron plates a 

* Additional colours to those j^iven in Cliapter VI. for cn^eering 
drawings are loquisite, comprising verdigris green, vermilion, and 
cobalt blue. The two former cost 1.^. each, small “half-cake” of 
the latter, 58 . 

t In projecting tho shadows which follow, the same rule is observed 
as for engineering drawings in Chapter XV. (or tho process an 
engineer would naturally follow in making finished coloured drawings 
of a ship). In drawings by a shipbuilder both the shadows and shade 
lines are generally on the opposite side to tho engineer’s (or on the 
lower and left sides of projecting objects, tho upper and right sides 
being opposite the light). The angle of inclination of the shadow in 
their drawings being the same as in engineering drawings. 
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little light should bo left on the top edge of the former as in 
shaded engineering details. It costs much time and labour 
to leave the light in the shading process, and to preserve 
the general look of the shadow unbroken, doing it streak by 
streak. A better shade in every way is produced by going 
over all the plates without leaving a light, one streak at a 
time. If the following method is observed time and trouble 
will bo saved. Draw a lino at the top of the plate with 
flake-white by the drawing pen, colour over with washes of 
tint, five or six coats, the sponge will then take ofi" the flake- 
white and leave a light line, which when coloured over with 
more tint after being sponged and dry will present suflBiciont 
contrast with the dark parts to give the eficct required. The 
top sides after shading should be washed all over two or 
three times with the ordinary neutral tint well watered, 
after which a thin coating of burnt-umber. The lower part 
under the load- water line should have a yellowish tint, com- 
posed of yellow ochre, gamboge, and Indian red. The red 
colour for the paddle should be composed of gamboge, lake, 
and a little carmine. 


The masts, if to represent wood unpaintod, should be 
shaded first with the neutral tint, then with Indian red, and 
washed all over with yellow ochre and Indian red combined, 
then grained with Indian red not too thick. 

If the water line is to bo shown at the 
ends in such drawing, or any other coloured 
view, a thin wash of Prussian blue should 
be laid on close to the line, washing ofi* the 
lower edge with water, and which, when 
dry, should have graduated parallel lines 
of verdigris green put on above it with 
the drawing pen, the lower being broken 
lines, as in adjacent diagram Fig. 819. 



Longituclinal Section, — To i^roject the shadow of the deck o^ 
the inner side in a longitiulinal midship vertical section. 
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Lot A, Fig. 820, bo the longitudinal section, on which the 
shadow of the deck ii is to bo projoctcd. 

Transfer from working drawing of ship (as at Fig. 817, Part 
III.) a part k of body plan, having as many sections b, c, d, 
&c., as aro contained in the length of tho longitudinal part a.* 
Firstly . — When the dechu is horizontal or ivithout sheer , — 
From tho point o in end view k draw the relative angle of 
light 0 r ; from tho point whore tho lino o r intersects tho 
section or frame n, draw a horizontal lino to the correspond- 
ing vertical section b in longitudinal view a, intersecting it at ?, 
which will be a point for shadow. From the point where 
tho lino 0 r intersects the section or frame c, draw a hori- 



zontal line to tho corresponding vortical section c in longitu- 
dinal view A, intersecting it at s, which will be a second 
point for the shadow. Proceed similarily for the other 
intersections. A curve lino passing through tho points thus 
found will bo the projection of shadow required. 

Secondly . — When the deck has sheer , — Let a, Fig. 821, be 
the longitudinal section upon which the shadow of the deck 
z is to be projected (the sheer is exaggerated so as to show 
the process more distinctly), and b tho body plan, transferred 
from a working drawing, and having as many sections as are 
contained in tho longitudinal part a. Draw the relative angle 
of light d e in body plan b. In this instance a part plan of 

* To wbic'li add tho thickness of side, if a wooden ship, to represent 
tho inner surface on which to project tho shadow. 
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form of Bliip*s side between each of the vertical sections is 
necessary, such form being taken on the diagonal lines 
between each vertical section in body plan, each such 
diagonal being in the direction of the light. In plan o, from 
the points o, h, i (corresponding to the same sections in 


side view a), draw the relative angle of 
light o, w?, &c. From the point e in body 
plan n, where the diagonal d e intersects 
the section o, draw a vertical line e in- 
tersecting the corresponding section g in 
plan c at i ; and from the point / in body 
plan B, where the diagonal d e intersects 
the section h, draw a vertical line / /f, 
intersecting the corresponding section n in 
plan 0 at /r, and join I A*, which will be the 
form of ship’s side between the sections o 
and H in plan c. From the point n in plan 
0, whore the angle of light g m intersects 
the line I draw the vertical line n o, 
intersecting the angle of light d e in body 
plan B at o. From the point o draw the 




Fig. 321. 


horizontal line o j), intersecting the ordinary diagonal line of 
light r s in side view a at p, which will be a point for required 
shadow. Eepeat the same process with the remaining 
sections for the points f and tt on the ordinary diagonals 
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in side view a ; a curve line passing through p, w, a?, will 
be the projection of shadow required. 

Note. — the form of the ship between each of the cross 
sections on the line of relative angle of light in body plan b 
were straight, another method of finding points for the curve 
would bo as follows : — ^Draw horizontal lines from the points 
e and / on sections g and h in body plan b, respectively, to 
the points v and w on the corresponding sections g and h in 
side view a, and draw the lino v tr, which ^vill intersect the 
diagonal r s ; the intersection would bo a point for shadow ; 
similarly from the other sections in body plan b would be 
found other intorscctional points for shadow on their respec- 
tive diagonals. 

In a drawing intended to be a picture, such as the longi- 
tudinal or other sections of a ship, where the iron is painted 
red, the finishing tint should be composed of lake, gamboge, 
and carmine. The shade lines on the under sides of pro- 
jecting plates, sides of frames, and rivets, should be lake 
only. The rivets, when to a scale of one-eighth of an inch 
to a foot, should not be inhed-m previously. It is common 
in making such finished sections, to colour the inside of the 
hull blue, because it is iron. 131uc is very well for the repre- 
sentative colour of the iron in certain drawings only. For 
drawings, if to a scale of loss than three -eighths of an inch to 
a foot, the section of iron plates or angle iron on a darkly 
shaded ground should be drawn in with indigo, or Prussian 
blue mixed with flake white, after all the finishing colour is 
put on ; Indian ink never shows well, being of a glossy 
nature. In drawings to a larger scale the sections of iron 
plates should be composed of two lines for the thickness 
filled up with light Prussian blue.* 

* In sectional drawings, to be in onllino only, to any scale under 
Iths of an inch to a foot, where a thickness of iron plate is shown, it is 
better to make it a thick black line, a little thicker than any shade 
lines, if any, on the drawing ; when to a scale above §th8 the thick- 
ness should bo composed of two lines. The same remark* apply to 
angle iron. 
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Upper deck plan : After all the ordinary objects are drawn 
on this (or other deck plans) the deck lines should be drawn 
in. The best way to insure correctness is to set off the 
breadths from the centre line upwards on margin at each 
end, and from the centre lino downwards ; the lines being 
drawn with Indian ink not too thick along a straight-edge 
hold by weights at each end at the divisions. (For project- 
ing the shadows see Chapter XV., First Series. For pro- 
jection of shadow of paddle box, if a paddle steamer, see 
Chapter XV., Fig. 247.) 

The tint for the dock should be gamboge with a little yellow 
ochre, well watered ; for coamings of hatchways and other 
dark wood- work, lake and burnt umber ; for light wood-work, 
gamboge, yellow ochre, and Indian red combined. Glass of 
skylights, after being darkened a little by neutral tint, should 
have a coat of green, composed of Prussian blue and gamboge. 

In cross sections, or longitudinal sectional plans of steamers, 
coals have frequently to bo ropresentod, to indicate their 
place. These, when done in Indian ink only, have always a 
brown appearance, and in some drawings (otherwise good 
and highly finished), are so regularly and ineffectively shown 
as to destroy the appearance of the drawing. Anything touch- 
ing on fine art, and apart from plain lining and shading, 
the engineering draughtsman is generally apt to shrink from,* 
but a very good way of showing coals fit for coloured 
engineering drawings can be made in the following way : — 

Though coals in themselves are always black, at a distance 
they are of a bluish colour. Therefore a little Prussian blue 
and Indian ink will be found the best tint with which to 
represent them. As they are of the most irregular forms, the 
difficulty is generally in making them so. To get such 
irregularities on the space allotted for them— put the tint 
named in patches here and there, as at Plate VII., and when 
the first lot are dry, come over them again anyhow, and in 
all directions, repeating the process many times until every 
♦ Unless he has already some knowledge of the subject. 



Plate VII 
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white part of the paper in the space disappears. If then not 
dark enough, come over all the surfiice ; and making darker 
and lighter patches here and there to represent little hills 
and valleys, the patches being darkest next to any part that 
projects a shadow, such as would be caused by the side of the 
ship or bulkhead, &c., as shown at h. The space will now bo 
filled with little irregular figures, some lighter and some 
darker. The lighter bits are supposed to be more opposite the 
light]^than the darker. Then with indigo and a fine brush 
surround each of these little ii-regular bits as at c, making the 
backs of the lighter ones with a broader lino of indigo, as when 
inclined more opposite the light; in such position more 
of the back of the piece will be seen. Then with a pricker 
scratch the fronts opposite the light of each individual piece as 
at dy but those down in a hollow more slightly. The front 
part of the shadow of projecting enclosui’O should bo voiy 
irregular, and within that shadow the forms of the light and 
dark bits should have the indigo as in the others, but no 
light shown on front of them as in the parts exposed. 

Note. — It is almost needless to add that if a drawing is to 
bo sponged it must be done before such process as that 
just described, and before any thick lines or chalky colours 
are put on ; and if to bo a varnished drawing, after being 
sized, but before being varnished. 

A border line of a rope pattern looks appropriate when 
surrounding any highly finished drawing connected with 
naval architecture. The corners for this pattern should never 
be square. 


PAKT V. 

PERSPECTIVE DRAWING. 

In the following example of perspective it will be seen that 
instead of the horizontal sides appearing parallel, w^hen pro* 
daced, they meet in a point. Perspective is simply a section, 
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by a plane, cutting the rays from all the visible points of the 
object to the eye, giving tho same proportion of the different 
parts of the object wherever that section is placed between 
such object and the eye. 




APPENDIX. 


259 


tions, or to a scale. The plan b being placed at such an 
angle to the horizontal line f e as is deemed suitable for the 
view required in perspective. The line / « is the plane of 
section of the rays from the several points to the eye of the 
observer at the point which point is placed in any suitable 
position ; the lines d e and d f are drawn parallel to c h and 
eg respectively. The horizontal lino i k represents the gi'ound 
line on which the elevation a is erected. The lino I m is 
the height of the eye from the ground, and parallel to it. 
From the point /, on the line / c, a vertical line is drawn 
intersecting the line / m at /, which is the vanishing iwint 
for the lines to the left side of the perspective elevation ; 
also, a vertical line is drawn from the point r, on the line / c, 
intersecting the line I m at w?, which is the vanishing point 
for the lines to the right side of perspective elevation. The 
lines 2J, &c., are drawn from the points in the plan b 

towards the point of sight d, it being sufficient for the pm-- 
posc to terminate them at the line of section / e. The vor- 
tical lines, as at r, are drawn from the points of intersec- 
tion in the plane / e, which give the right and left corners of 
perspective pedestal ; and from the point .r,^ where the central 
line (• X intersects the ground line i /r, the line x m is drawn 
to the vanishing point m, which gives the base line of right 
side of pedestal, and the line x I is drawn to the vanishing 
point I, which gives the base lino of loft side of pedestal. 
Vertical linos are drawn from all the points in the plane / 
where the rays from the points in the plan of object intersect 
it. The horizontal lines z are drawn from the front eleva- 
tion A to the vertical line n o, and from the points where 
they intersect it — lines are drawn to the vanishing point in. 
The perspective is completed from the points where the 
vertical lines intersect the vanishing lines on either side, 
and as explained by the dotted lines.* 

♦ In a perspective drawing where the vanishing point is incon 
voniently distant, an instrument called a centrolinead will he fomid 
convenient. It is composed of throe moveable bars, the price of which, 
30 or 42 inches, in ebony, brass mounted, is 19«. ; eloctrum mounted, 
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PART VI. 

ISOMETRICAL DEAWING. 

IsoMETRiCAL projection, though somewhat similar to real 
perspective, differs from it in this, that whereas the angles in 
the former, as a rule, are drawn at 80° with the horizon, 
and measurements of any part, as in common drawing, can 
be readily taken off ; in the latter, parallel linos vanishing to 
a point (the objects getting less to the eye as they recede), 
the object cannot be measured readily enough for practical 
purposes. 

An isometrical cube may bo drawn by describing a circle, 
and with the radius dividing the circumference by it into 
six equal parts, as in Fig. 823, completing the hexagon by 



drawing the lines between the points thus found, and join- 
ing abf a c, and a d, by straight lines to the centre a of the 
circle ; the part between c h being the representation of the 
top, and that between d c and d h the two visible sides ; the 
line a d being always drawn vertically from the centre of 
circle a, and thus parallel to the sides c e and bf. 

Or the same results may be obtained by using the wood 

268.f including studs to work against. A temporary instrument may 
be made by nailing two pieces of wood on the stock of the T-square, 
having first found the proper angle at which to sot them, and having 
two nails on the margin of the board against which to bear it, taking 
care that the front edge of the blado of T-square is in a line with the 
centre of the circle which the square in its position would describe. 
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angle of 80® bearing on the edge of T-square set horizontally. 
Describe a circle, and through the centre Fig. 323, draw a 
vertical lino g d, and from the point d where it intersects 



the circle, and with wood angle of 80® on the T-squaro 
draw the lino d /, also the line a h from the centre a of tho 
circle, and c g from the point g, where tho vertical lino d g 
intersects the circle ; also, by reversing tho wood angle as at 
d e, and from the point d, «, and r/, respectively — draw d e, 
a Cf and g h ; join c e, a d, and h f hy the vertical lines as 
shown, thus completing tho isomctrical cube, the lines of 
which are obviously all of equal length. 



Almost any variety of such objects, all pleasing to the eye, 
can be projected, as at Figs. 824 and 825, with theT-square and 
little wood angle, hardly any measurements being necessary. 
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PART VIL 

SIZING, VARNISHING, AND FRAMING. 

In drawings to be varnished, thick lines, such as shade lines, 
and chalky colours should never be put on before sizing, as 
they blot under the process ; and before sizing the drawing 
should be permanently stretched on cloth on a frame, as 
described in Chapter IX. The best size for drawings is 
isinglass. The little holes, if any, made by the compasses in 
drawing the shade circles, should have a little size put over 
them to prevent ttie varnish penetrating and making a brown 
mark. 

The best varnish is Canada balsam, which, as in sizing — 
should be put on with a flat fine brush. 

In a large drawing simply to be mounted on cloth for 
rollers, the cloth should be tacked as tightly as possible 
round the edge to a board or table, the tacks being driven 
only half in. The back of the drawing, or paper to bo 
drawn on, should be damped before pasting,'*' and then laid 
on the stretched linen, or “ brown holland,” and pressed 
gently with a clean cloth. The size and varnish should bo 
put on the drawing while laid horizontal, to prevent flowing 
to the lowest pai’t of it. The varnish must be quite dry 
before detaching the drawing from its nailed position. 

To Frame a Drau ing , — In framing a drawing for hanging 
up, dust may be kept from it by pasting narrow strips of 
paper all round inside at the edge of glass and frame. If 
to be put in a plain frame having a gilt strip, it is a preser- 
vative from tarnishing to put it inside the glass. When the 
drawing on the stretcher is placed in the frame and paper 
stretched all over the back (being all slightly damped pre- 
viously and pasted down at the edge) the dust will bo 
entirely excluded from the drawing. 

* The paste should bo quite cold before using, for if put on hot the 
steam is apt to raise blisters on tho paper. 
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A shaded drawieg when hung up should be in such a 
position that the lights in the drawing coincide with the 
light through the window. 

The same rule applies to an outline drawing having shade 
lines. 
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Boiler rivets, to project • • • • • 

Border lines and printing . • • • • 

Bordering pen (and cost of) • • • • 

Bow lines in a ship’s design . • • . 

Bows (and cost of) common ink .... 
,, ,, ,, i«encil • • . 

» » 

Brass tint 

Breaks, in drawings of inconveniently long objects 

Brush rests 

Brushes (and cost of) ...... 

Buttock lines in ship’s design .... 


Cabinet nests (and cost of) 20 

(’uses (tin) for rolled drawings (and cost of) 2.‘i7 

Cast iron tint . 218 

Catenary curve, definition of 59 

Cavetto, to describe the 89 

Centre of a circle, to find the 53 

„ line of eUinder for beam and side-lever engines ... 84 

„ „ of engine-crank at half-stroke, to find the position of . . 85 

„ lines GO 

„ „ on drawing to be copied from 70 

Centres, horn (and cost of) 12 

Centrolinead (and cost of) . 259 

Chord ...a. 40 

„ of 00° degrees 47 

Circle, to find the centic of a , 53 

„ definition of a 39 

„ chord of a 40 

„ to pass through three given points, to describe a . , . 54 

„ sector of a 40 

„ segment of a 40 

„ semi- 89 

„ to sketch a 78 

„ tangent to a 41 

Circles 89 

„ to draw ink 182 

„ „ small and large pencil 33, 71 

„ shade lines on 136 

„ tangent 43 

Circumference 39 

Circumscribed polygon ......... 43 

Clotli-mounted drawing-paper (and cost ol) 23 

„ ,, remarks on 31 

„ tiacing (and cost of) 23 

Coals in sectional drawings of steamers, to represent .... 256 

Colouring, shading and 205 

Colours (and cost of) . 19,251 

Column, to draw the elevation of a barrelled- fluted .... 95 

» w M parallel „ .... 94 

,y » » tapered „ .... 95 

Columns, proportion of shafts of ...... 241, 242 

„ to measure between 78 

Commencing a drawing 31 

Compasitei common (and cost of) ....... 10 

9, beam and telescopic (and cost of) ... .10 
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Compasses or bows, ink. and pencil (and cost of) 

„ proportional (and cost of) 

Concave surface, definition of 
Concentric lines 

„ „ to draw . 

Cone 

„ to find the envelope of a given 
„ if „ frustruni of a 

„ section, to project an ellipse, from a . 

„ „ „ hypeibola, from a 

)) n y, parabola, from a 

Cones, fru.strums of .... 

„ sections of 

Con^, or scape, to describe tlio . 

Conical objects, intersection of cylindrical and 
„ „ rectangular and 

yy y, sphctical and 

Convex surface, definition of . . . 

Copper tint 

Copy, drawing from a .... 

Copying from a tracing .... 

Covering of solids 

Crank at half stroke, to find the centre line of 
„ side view, to describe the curve in 

Cube, isometricul 

Curve, catenary 

„ of paddle-wheel, cycloidal . 

„ moulds for ship drawing, <kc. (and cost of 
Curved surface, definition of . . . 

Curvilineal angle ... 

Cutting off a stretched drawing . 

„ a part of a stretched sheet . 

Cycloid 

Cycloidal curve of a paddle-wheel, to draw the 
Cylinder casing in an oblique position, to draw a 
„ illustration of a . 

„ „ an inclined 

„ in beam and side-lever engines, to find the centre 
sections, description of 


„ to project the ellipse of oblique section of a 
„ to find the envelope for an angular ended 
„ in an oblique position, to draw the plan and end vi 
Cylinders, shading sections of . . . 

Cylindrical objects, shading of ordinary sized 

„ remarks on shade lines on . 

„ of equal diameter, intersection of 

„ unequal „ „ . 

„ and conical . „ 

„ ., spherical . „ 

Cyma-recta, to describe the Greek 
„ „ or ogee, to describe the Boman 

„ reversa or talon 


of 


of a 
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. 35 
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. 35 
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. 85 

. 59 
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209 
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. 92 

. 91 

. 92 


Decagon 89 

Definition of drawing 31 

Deflected surface • • . 35 
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Decrees, definidon of 



t 

• 

45 

t, angle of 30> (set squares) 




. 15, 113 

„ dennition of an angle of 45o . 




• • 

46 

„ definition of „ iQo . 





46 

„ chord of 60® . 




• • 

47 

Delineation of screw-propeller slip and path 





226 

^ paddle-wheel „ 





228 

Denomination of triangles .... 





30 

Dent in a fir drawing-board, to remove a 





237 

Diagonal 





39 

Diameter 





39 

Dionome (and cost of) .... 





19 

Displacement, scale of .... 





249 

Dividers (spring) and bows (and cost of) 
Division of a straight line into any number of er 





13 

lual Darts 



51 

Dodecahedron 





43 

Dome, to find the envelope of a . 





07 

Dotted lines in drawings, remarks on . 




. 83, 134 

Double drawing pen (and cost of) 





13 

Drawing boards (and cost of) 





2 

„ from a copy ... 





08 

„ „ large machinery . 





75 

„ „ models ..... 





75 

„ ollice and furnishings . 

„ paper, to join . . . 





1 

27 

„ „ sizes of (and co.st of). 





22 

„ „ on cloth, remarks on 





31 

„ „ to stretch long 





20 

„ „ „ ordinary sized 





24 

„ pins (and cost of) 





12 

„ on a stretching frame . 





29 

Drawings on both sides of one board . 





28 

,, by photography, reducing or enlarging 





233 

„ by scales, &c. „ 





74 

„ for engravings .... 





232 

„ for lectures ..... 





234 

Duodecagon 





39 

„ to describe a . . . . 





56 

Eccentric lines 





42 

Elevations, drawing of .... 





71 

Ellipse 





43 

„ from a cylinder section, to project an 





00 

ft ft cone „ „ 



t 


03 

„ mechanically, methods of describing an 





57 

„ substitute for an .... 

Elongated sphere 





57 





45 

„ projection of shadow of an 





200 

End wood, drawing of .... 




. 134, 220 

Engraving effect to drawings 





221 

„ photographs from drawings, &c,, for 





233 

Engravings, drawing for . 





232 

„ shading outline .... 





221 

Enlarging or reducing a drawing from a copy 





74 

ft M » l>y scales 





74 

tt by photography 




233 

Enneagon 

• 


• 


39 
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Envelope of a cone, to find the 64 

„ frustrum of a cone, to find the 65 

„ an angular ended cylinder, to find the .... 65 

„ dome, to find the 67 

Envelo]^ or covering of solids 64 

Epycycloid 59 

Equal parts, to divide a straight lino into any number of 51 

Equilateral triangle, definition of 36 

to construct an 52 


FU.LET . 86 

Finishing tints . 219 

Flat surfaces—tinting 213 

Fluted column, to draw the elevation of a barrelled . 95 

„ „ „ parallel . 94 

„ „ „ tapered . 95 

Fractures, in drawings of inconveniently long objects 129, 130 

Frame a drawing, to 262 

Frustrum of a cone, to find the envelope of a 65 

Frustrums of cones 65, 98 


Gas fittings for drawing office 

Geometrj', hints on 

„ definition of 

,, lines 

„ angles 

„ triangles 

quadrilaterals 
polygons, definition of 
circles 

regular solids . . 

to bisect (or divide into two equal parts) a given straight 
line, by a line drawn perpendicular to it 
to bisect a circular arc 

to draw a perpendicular to a given straight line, from a 
given point in the line ; First, when the point is near 
the middle of the line ....... 

Second, when the point is at or near one extremity of the line 
to draw a perpendicular to a given line from a given point 
without the line ; First, when the point is conveniently 
near the middle of the lino 


Second, when the point is near the end of the line 

to describe a square on a given straight line 

to draw a line parallel to a given line 

First, to draw the parallel at a given distance 

Second, to draw the parallel through a given point 

to divide a straight line into any number of equal parts • 

to construct an equilateral triangle 

to construct a triangle having its three sides of given lengths 
to draw a straight line so as to form any required angle with 

another straight line 

to bisect a given angle 

to find the centre of a circle 

to describe a circle that shall pass through three given points 
to draw a circle which shall touch a ^ven line, and also a 
given circle 


2 

33 

33 

34 

35 

35 

36 

38 

39 
43 

47 

48 


48 

48 


49 

50 
50 
50 
50 

50 

51 

52 
52 

52 

53 

53 

54 

54 
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Geometry, to draw radial lines upon the circumference of a circle, t 
centre being inaccessible ... 

„ to describe a regular pentagon .... 

„ to describe a hexagon 

„ to describe a regular octagon in a given square, Ac. 

„ to describe a duodecagon 

„ to describe an ellipse mechanically .... 

„ substitute for an ellipse 

„ ovals 

„ cycloid 

„ epycycloid 

„ catenary curve 

„ cylinder sections 

„ conic sections ........ 

„ to describe a parabola 

„ „ hyperbola 

„ ,, ellipse ...... * 

„ covering of solids 

„ to find the envelope of a cone 

„ „ frustrum of a cone . • 

„ „ angular ended cylinder . 

„ „ of a dome .... 

German text print 

Glue as an adhesive 


Graining of wood KIO, 219 

Grease marks from a drawing, to remove 238 

Grecian Doric order, description and example of 242 

Greek cjma-recta, to describe the . . 92 

„ ovolo, to describe the • . 87 

Gum, as an adhesive 25 


Hai.f-breadth plan, ship's 247 

Hang up a drawing, to 263 

Helix, or screw 42 

„ to describe a 122 

Heptagon 39 

Hexagon 38 

„ to describe a . . 35 

Hexagonal prism 44 

„ pyramid 44 

„ objects and spheres, intersection of 121 

Hexahedron 43 

Hints on ^ometry 33 

Horizontm lino 34 

Horn centres for drawing circles (and cost of) 12 

Hyperbola, definition of a 60 

„ from tlie section of a cone, to project a .... 63 

Hyperbolical ovolo, to describe the 89 

Hypotenuse 36 


Icosahedron 43 

Illustrations for lectures 234 

Inclined cylinder 45 

„ pyramid 45 

India ink (and cost of) 20 

„ mbl^ • . 16 

Ihdlgo 19 
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Ink bows (and cost of) . 

„ India (and cost of) . • 

„ lines, to draw . • 

Inks (and cost of) . . . 

Inking'in a circle .... 
„ a drawing . . 

„ a tracing . • 

Insciibed angle .... 
„ line .... 

„ triangle .... 

Instruments, drawing (and cost of) 
Intersections .... 


„ cone and Rphcio 

„ cylindrical and conical objot U 

„ „ objects of equal diameters 

n „ unequal diameters . 

ft „ „ and spheres 

„ hexagonal „ „ . . 

„ rectangular and conical objects 

ft „ objects 

ft ft „ and spheres 

Ionic volute, to describe ...... 

Iron-plate sections ....... 

Irregular figures, copying 

„ objects, measuring 

„ polygon, definition of an • 

Isometrical projection 

Isosceles, trapezoid 

„ triangle 


PAOB 

. , 10 

. . 20 

. 133 
. 20 
. . 132 

. . 130 

. . 230 

. . 41 

. . 41 

. . 41 

. . 9 

. 114 
. 121 
. 112, 118 
. . 115 

. . 115 

. 120 
. . 121 

. . 116 

. 121 
. 119, 120 

. 242 
133, 221, 255 
. . 72 

. 80 
. 38 

. . 260 

. . 38 

. . 86 


Join drawing-paper, to 27 

„ tracing „ 232 


Large machinery, drawing from 75 

Lead weights for batons (and cost of) 14 

„ „ for general use (and cost of) 15 

Lectures, drawings for 234 

Light for drawing office 1 

„ reflected 208 

„ on edge of flat surfaces in shading 215 

Line, definition of a 34 

„ for cylinders of beam and side-lever engine^, centre ... 85 

„ engiiie-crank at half-stroke, centre 85 

„ to draw a pencil 32 

„ ,, an ink .......... 133 

„ „ a curve 73 

„ into any number of equal parts, to divide a straight ... 61 

„ horizontal 34 

„ inscribed 41 

ff mixed 34 

„ oblique 35 

„ perpendicular . 35 

„ vertical 34 

Lines 34 

centre 69 

concentric 42 

not continuous, drawing . 73 
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Lines in drawings, dotted • • 

„ eccentric .... 

„ parallel .... 

„ to draw parallel . 

„ from a centre, to draw radial 
„ on the circumference of a circle without a centre, 

„ shade 

„ ship’s water 

Long drawing-paper, to stretch 
Longitudinal sections . 


to draw radial 


pAoa 

83,134 
. 42 

. 34 

. 60 
100 
65 
136 
247 
26 
81 


MA.TOR AXTS , *43 

Malleable iron tint . . . . \ 218 

Margin for drawings, breadth of 68 

Mark dimensions, <kc., in sketch-book, to 76 

Measure between columns, &c., to 78 

Measurements from a copy 69 

„ „ large machinery 77 

„ „ models 75 

„ requisites for taking . 76 

Measuring of irregular objects 80 

„ wheels 76 

Minor axis • 43 

Mitre wheels, to draw • . . 98 

„ „ in an oblique position, to draw 102 

Mixed lino 34 

Models, drawing from 75 

Mouldings 86 

Moulds for curves (and cost of) . 16 


NroATivE and positive screw-propeller slip, to delineate • • . 226 

Nests, cabinet (and cost of) 20 

Neutral tint for shading 206 

Ninety degrees, definition of an angle of 46 

Noiiagon 39 

Nuts, to draw six-sided 55,11:’ 114 

„ to measure 81 

„ radius for the curves of 114 

„ shade lines on 138 

„ shading of „ . . . • o • 212 


OiiLiQUK LINE, definition of an . 

„ position, to draw bevcl-wliccls in an 
„ „ „ cylinder in an . 

„ „ „ valve ca&ing in an 

„ „ „ plumracr block . 

Obtuse angle 

„ angled triangle 

Octagon, illustration of an . 

„ in a given square, to describe a regular 

Octahedron 

Office for drawing, and furnishings 

Ogee, to describe the 

Old English print 

Order, Ascription and example of the Grecian Doric 
„ „ » Homan Doric 

n n n W Tuscan . 


35 

102 

104 

106 

107 

35 

36 
39 
56 
43 

1 

91 

225 

242 

242 

241 
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Order, example of shaded Tuscan ..••••• 2lG 

Orders of architecture in engineering . 241 

Ordinate 42 

Ovals, methods of describing 58 

Ovolo, to describe the Greek 87 

„ „ hyperbolical 89 

„ „ Homan 8G 

Ox-gall for inking (and cost of) 131 

Padble-whebl, to delineate the cycloid curve of a • . . . 228 

Palettes (and cost of) 20 

Paper, drawing (and cost of) 

to join drawing 27 

to stretch long drawing 26 

ordinary ,, 24 

tracing 232 

I, tracing (and cost of) 23 

„ to make tracing 23 

Parabola 60 

„ from a conic section, projection of a 61 

Parallel lines 34 

„ to a given line, to draw a line 50 

„ rulers (and cost of) ... 11 

Parallelogram 37 

Path, delineation of a screw-propeller 227 

„ „ paddle-wheel 228 

Pen, ordinary drawing (and cost of) 11 

„ bordering drawing (and cost of) 13 

„ double drawing (and coat of) 13 

„ wheel (and cost of) 13 

Pencil bows (and cost of) 10 

„ circles, to draw . . . 33, 71 

„ point . 32 

Pencils 16 

Pentagon 38 

„ to describe a . 55 

Per^ndicular line, definition of a . .35 

„ in a right-angled triangle, definition of the ... 36 

„ to a given straight line, to draw a 48 

Perspective drawing 257 

Photography, enlarging or reducing drawings by , . . , . 233 

Pins, drawing (and cost of) 12 

Plan, position of a machine 69 

„ ship’s body . 247 

Plate, sections of iron 133, 221 

Plates for print, stencil (and cost of) 225 

Plummer blocks, &c., in an oblique position, to draw plans and end 

views of 107 

Point, definition of a 34 

„ to draw a parallel through a given 50 

Polj’gon, definition of a . 38 

„ circumscribed 43 

„ irregular 38 

„ regmar ........... 38 

Polygons, illustration of regular . 38 

Positive and negative (screw propeller) slip, to delineate • . . 226 

Preparation for drawing on boards 23 

„ „ stretchers • 29 
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INDEX. 


TAOB 

Pricking, copying a drawing by 72 

I’rint, various' examples of , 224 

,, set squares for (and cost of) 222 

Printing and border line 222 

„ on drawings 223 

Prism, hexagonal 44 

„ quadrangular 43 

„ triangular 43 

„ truncated 44 

Profile, ship^s . . 244 

Projection of an ellipse from a conic section 63 

„ „ „ cylinder section 60 

„ isometricnl . 260 

„ of a parabola from a conic section 61 

„ of shadows (see Shadow projections) 138 

I'ropeller path, to delineate screw 227 

„ to draw sections of a screw 128 

„ slip, to delineate screw 220 

Propellers, illustration of front and side views of various screw . . 129 

Proportion of shafts of columns 241, 242 

Proportional compasses (and cost of) 12 

Proportions of spur-wheel teeth, table of 97 

Protractor, application of 46 

Protractors, cost of 12 

Pyramid, hexagonal 44 

„ inclined . . 45 

„ quadrangular 44 

„ triangular 44 

QUADItAxaULAR PRISM 43 

„ pyramid . 44 

Quadrant, definition of a . . .46 

Quadrilateral figure, definition of a 36 

Quadrilaterals, illustration of 87 


Kadial lines from a centre, to diaw 100 

„ „ on the circumference of a circle without a centre, to draw 55 

lladiatcd shadows 139 

Kadius 40 

Rectangle . • . . . 37 

Rectangular and conical objects, intersection of 116 

„ objects and spheres „ .... 119,120 

„ „ intersection of unequal ...... 121 

Rectilineal angle, definition of 35 

Reducing a drawing from a copy 74 

„ and enlarging drawings by photography .... 233 
,. „ „ scales . . . . . .74 

Refiected light 208 

Regular curves, to draw . 73 

}f polygon, definition of ........ 38 

» polygons, illustrations of 38 

„ solids 43 

Requisites for drawing office 1 


Rhomboid 


37 


Rhombus 


37 


Right angle, definition of a 


35 


^ angled trapezoid 


37 



INDEX. 


276 
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Bight angled triangle 36 

t, „ f, definition of the base and perpendicular of a . 36 

Ring sections, circular 161 

Rivets on a curved surface, to draw 112 

Roman cyma-recta, or ogee, to describe 01 

„ Doric order, description and illustration of ... . 242 

„ ovolo, to describe the 86 

Rubber, India 16 

Ruled sketching-paper (and cost of) ....... 76 

Rulers, parallel (and cost of) 11 


Scale of displacement 249 

„ architectural 19 

„ drawing by 74 

„ for a drawing, to make a 84 

„ shipbuilders’ 18 

Scalene triangle 36 

Scales (and cost of) 17 

„ enlarging or reducing drawings by 74 

Scape, or conge, to describe the 90 

Scotia, to describe the 03 

Screw propeller, to draw sections of a 128 

„ „ path, to delineate 227 

„ „ slip, to delineate positive and negative . • . 226 

„ thread, to draw a . 122 

„ threads to the inch and diameter, table of 125 

„ or worm wheel, to draw a 125 

„ propellers of 2, 3, and 4 blades, front and side views of . . 129 

Secant 41 

Second-hand drawing instruments 10 

Section, definition of a 59 

of a cone, to project an ellipse, from the 63 

hyperbola, from the 63 

„ " „ parabola, from the 61 

„ of a cylinder „ ellipse, from the . 60 

Sectionised work, colouring on ... 220 

Sectionising any material .... 82 

Sections of cones 60 


» 

n 

f> 

n 

ff 

Sector . 


cylinders . 
iron plate . 
longitudinal 


rings .... 
screw propellers, to draw 


transverse . 


. 59 

133,221 
. 81 
. 161 
, 128 
. 81 
. 40 


Segment 

Semicircle 


40 

39 


Set squares (ordinary) (and cost of) 15 

„ for print (and cost of) 222 

Shade on bright metal work 212 

„ circles 137 

„ on flat surfaces 213 

„ lines 136 

Shaded Tuscan order 216 


„ tracings .... 
Shading and colouring . 

„ ordinary cylindrical objects 


231 

205 

208 



276 


INDEX. 


Shading large cylindrical objects 
,t flat surfaces 
„ outline engravings . 

,f process 

„ six-sided nuts . 

„ tint .... 

„ tumblers for (and cost of) 

Shadow angle 
„ projections 

„ bracket on a concave surface 

„ „ convex „ 

„ „ plane at right angles to it 

„ circular flange on a conical stufling-box (vertical) 

» M (inclined) 

„ „ horizontal cylinder at right angles to it 

„ „ an inclined „ „ „ 

,, ,f „ plane at right angles to it 

,, a vertical ,, 

„ „ „ cylinder „ 

„ „ flanges on various forms at right angles to them 

„ „ object, or disc, on a sphere .... 

„ „ orifice on a plane parallel to it . 

„ „ recess „ at right angles to it . 

„ column (in its section — a cross) on a plane at right angles 

„ concave cover, in a vertical cylinder section 
„ convex ,, ,, „ . . 

„ cylinder on a plane parallel to its axis 
„ „ at right angles to its axis 

„ „ sections 

„ „ (horizontal) on another adjacent and vertical 

„ „ (vertical! on another adjacent and parallel to it 

deck (level) in a longitudinal section of a ship 
„ (with sheer) „ „ „ 

disc (vertical) on a horizontal cylinder parallel to it 
„ (vertical) on a sphere .... 
elongated sphere on a plane parallel to its axis . 
flanges of various forms on planes, &c. 
flat cover in a vertical cylinder section 
^ covers in oblique * „ sections . 
fluted column on a plane at right angles to it . 
half cylinder „ „ to its ends 

hollow semi-sphere 

horizontal straight object on an inclined plane 
knee, round ^circular in section), on a plane 
„ square (square in section) „ 
ol^lisk on a plane at right angles to it 
oblique flange on a plane at right angles to it . 

„ plane in a cylinder .... 

„ square column on a plane 
„ „ at an angle of 4t)0 in a recess 

„ „ at a greater angle than 45^ in a re( 

„ „ on two parallel planes . 

octagon on a plane at right angles to it . 

„ round, and square flanges on various forms 
ogee on a plane at right angles to it 
paddle float, on a float adjoining (both oblique) 

„ float^ on a plane at right angles to them 
„ ring, on a horizontal float 


to it 


PAOI 
211 
214 
221 
210 
212 
206 
20 
139 
138 
178 
178 
156 
177 
177 
171 
175 
174 
159 
170 
173 
198 
155 
145 
142 
. 188 
. 188 
154, 180 
. 141 
187—189 
182, 183 
. 184 
. 252 
. 253 
. 185 
. 198 
. 200 
172, 173 
. 188 
. 189 
. 142 
. 153 
. 164 
. 191 
. 204 
. 150 
. 144 
. 158 
. 100 
. 146 
. 147 
iss . 148 
. 149 
. 142 
172, 173 
. 157 
. 195 
. 192 
. 193 
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Shadow, paddle ring on an oblique float 194 

„ n^ial objects on a plane 151 

„ radiated shadows 139 

„ rectangular object on a plane at right angles to it . . . 141 

„ » , . sphere ... . . .197 

„ ring (circular m section) on a plane parallel to it . . . 160 

„ „ right angles to it . 203 

„ „ half (circular in section) „ . 204 

„ „ (rectangular in section) on a plane paraliel to it . 160 

„ round shaft on a plane parallel to its axis . . . 16G 

„ screw thread . 186 

„ semi-circular objects on a plane at right angles to them , 153 

„ sphere on a plane . 163 

„ square column on a plane at right angles to it . . 143 

„ „ in a recess being a plane at right angles to it . 146 

„ „ adjoining a recess being a piano at riglit angles to it 146 

„ „ columns oblique to a plane 14G— 149 


„ „ flange on an oblique plane at right angles to it 

„ „ „ on a vortical cylinder .... 

„ „ „ on a plane, parallel, and at right angles 

„ „ recesses 

„ „ tapered column on a plane at right angles to it 

„ vertical disc on a horizontal cylinder parallel to it . 

Shadows on sections, remarks on 

Shafts of columns, proportion of ..... . 

Sheer draught, ship’s 

Sheet, cutting off a stretched 

Ship curve moulds (and cost of) 

Ship’s body plan 

„ design, explanation of the drawing of a . . , 

„ detail coloured drawings 

„ half-breadth plan 

„ sheer draught 

„ sections, projection of shadows on ... . 

Shipbuilders’ scale 

Six sided nuts, to draw 

„ to measure 

„ radius for curves of 

,, shade lines on ..... . 

„ shading 

Sizes of drawing paper (and cost of) 

„ in sketch-book, to mark 

Sizing drawings for varnishing 

Sketch-book 

„ machinery details, to 

„ a circle, to 

Slip of screw propeller, to delineate 

Solid, definition of a . . . .... 

Solids, covering of 


„ elongated 

„ intersection of a cylindrical object and a 
„ „ hexagonal „ „ 

M ,, cone and a 

Spheres „ of rectangular objects and 

Spheroid 

Spiral 


. 174 
. 172 
157, 158 
. 145 
. 143 
. 185 
. 212 
241,242 
. 244 


. 64 

. 43 

. 45 

. 45 

. 120 
. 121 
. 121 
119, 120 
. 45 

. 42 
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Spiral staircase, to draw a . • • 

Sponge a shaded drawing, to 
„ an outline drawing, to 
„ a sheet for stretching on a board, to 

Sponges 

Spring dividers and bows (and cost of) 
Spur>wheel, to draw in the teeth in face view of a 
,, „ „ side 

w M yf plan 

„ teeth, table of proportions of 
Square, definition of . . . 

„ definition of the diagonal of a 
„ on a given straight line, to describe 
„ threaded screw, to draw a 
„ to hold a T . 

Squares, set (and cost of) 

„ „ for print (and cost of) 

„ T (and cost of) 

„ to test correctness of T . 

Staircase, to draw a spiral 
Stencil-plates for print (and cost of) 

Stone tint 

Straight-edge, to test correctness of a 
„ edges (and cost of) . 

„ line, to bisect a given 

Stretch paper on a board for drawing, to 
„ „ frame „ 

„ long drawing-paper, to 

„ tracing-paper, to 

Stretched drawing, to cut off a whole 
„ sheet, to cut off a part of a 
Summit of an angle 
Surface, definition of . . . 

„ „ concave 


Surfaces 


convex 
a curved 


. 125 
. 216 
. 135 
. 24 

. 16 
. 13 

. 97 

. 96 

. 90 

. 97 

. 37 

. 40 

. 60 


122, 124 


. 32 

. 15 


. 222 
6 
9 

. 125 
. 225 
. 219 
. 15 

. 15 

47 
. 24 

. 30 

. 20 
. 231 
. 236 
. 237 
. 35 

. 34 

. 35 

. 35 

. 85 

. 35 


Table FOR DRAWING .... 

„ of proportions of wheel teeth . 

„ threads to the inch and diameters for screws 


1 

l25 


Talon 92 

Tangent 41 

„ to a circle, definition of 41 

„ circles 43 

Teeth of wheels, to draw the face view of 97 

yy yy jy ®ide ,, • . . t • 96, 97 

Telescopic compasses (and cost of) 10 

Testing correctness of drawing-boards 6 

„ » straight edges 15 

>, » T-squares 9 

Tetrahedron . 43 

Text jirint, German 224 

Thirty degrees set square, angle of 15, 113 

Thread, to draw a screw 122 

Threads to the inch and diameter for screws, table of . • . . 125 

Tin cases for rolled drawings (cost of) . 237 
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Tint for brass , • . 

„ cost iron • • 

„ copper . 

„ malleable iron 

„ shading, neutral 

f, water level sections 

„ wood 

stone 

Torus, to describe the . 

Tracing 

„ clolli (and co>«t of) 

» copying ftoiu a 

„ to ink-in a 

„ to mount a 

„ to shade a 

„ paper (and co.st of) 

„ „ to join . 

„ „ to make 

„ „ to stretch 

Transverse sections 
Trapezium 
Trapezoid 

„ isosceles 

„ right angled 

Trestles (and cost of) . 

'J'riangle, ?ciUe angled 

ff dchnitioii of the base of ii 
,f equilateial 

„ to construct an cquilatera 

,, iusciibcd 

„ ihosceles 

„ obtuse angled 

„ right angled . 

„ detiuitioii of the b.i'C and perpendicular 

„ scalene 

Triangles 

„ denomination of 

Tri ingular pri^in . 

„ pyramid 
Truncated ])nsm . 

T-squures, to test correctness of 
„ various (and cost ( f) 

Tumbler for shading, water (and cost of) 

Tuscan order, description of the . 

„ outline, illustration of 
„ shaded, illustration of 


of a right 


angleil 


PAOS 

. 219 
. 218 
. 219 
. 218 
. 208 
. 252 
. 219 
. 219 
. 88 
. 230 
. 23 

. 89 

. 230 
. 232 
. 231 
. 23 

. 232 
. 23 

. 231 
. 81 
. 37 

. 37 

, 88 
. 37 

. 1 
. 36 

. 35 

. 36 

. 52 

. 41 

. 36 

. 36 

. 36 

. 36 

. 36 

. 35 

. 35 

. 43 

. 44 

. 44 

9 

. 7 

. 20 
. 241 
. 242 
. 216 


Ukdecagon 89 

Varnish a drawing, to 262 

Vertex of an angle • . • . 35 

Vertical line .34 

Volute, to describe a ......... . 242 


Water links, ship’s . . • , 

„ surface section, tint for . 
Weights (lead) for batons (and cost of) 


247 

252 

14 
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Weights (lead) for general use In drawing (and cost of) 

Wh^ pen (and cost of) 

„ to draw a worm or screw .... 
Wheels, to di aw bevel .... 

„ in an oblique position, to draw bevel . 

„ mitre 

„ to draw spur .... 

„ to measuie 

„ table of piopoitions of teeth of . 

Wood, graining cud 

» » fa»do 

„ tint ... .... 

Worm wheel, to draw a ..... 


raoB 
. 15 

. 13 

. 12G 
, 98 

. 103 
. 98 

90,97 
. 78 

. 97 

134, 220 
130, 219 
. 219 
. 120 


Yellow tint pou brass 

wood, &c 


219 

219 
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tierary and Scientific In^ftiuftom. CollesfeSt Schoo/s, 


S:r*c., &*c<. 

IS* “ WEALE’S SERIES includes Text-Books on almost every branch of 
Science and Industry, comprising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured.”— A wwncaw Literary Gazette. 

Amongst the literature of technical education, Weale’s Series has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
Lockwood & Co. render the series even more complete, and bring the infor- 
mation upon the several subjects down to the present time .” — Mining 
Journal. 

” It is impossible to do otherwise than bear testimony to the value of 
Weale’s Series.”— E ngintfer. 

” Everybody — even that outrageous nuisance ‘ Every Schoolboy ' — knows 
the merits of * Weale’s Rudimentary Series.’ Any persons wishing to 
acquire knowledge cannot do better than look through Weale's Series and 
get all the books they require. The Series is indeed an inexhaustible mine 
of literary wealth .” — TJie Metropolitan. 

" WEALE’S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science.”— P m Opinion. 



LONDON, 1862. 
THE PRIZE MEDAL 

Was awarded to the Publishers of 

"WEAU’S SERIES.” 
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WEALE’S BITDIMENTAEY SCIENTIFIC SEEIES. 





\* The volumes of this Series are freelv Illustrated with 
Woodcuts, or otherwise, where requisite. Tnroughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated ; dui ihe volumes marked 
votik a t snay also be had strongly bound in cloth boards for 6d, 
extra. 

N.B.—In ''ordering from this List it is recommended^ as a 
means of facilitating business and obviating error^ to quote tht 
numbers affixed to the volumes, as well as the titles and prices. 
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No. ARCHITECTURE, BUILDING, ETC. 

1 6. ARCHITECTURE— ORDERS— The Orders and theif .^Esthetic 

Principles. By W. H. Leeds. Illustrated, is. 6d. h, 

. ARCHITECTURE— STVLES— The History and Description of 

/ the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B. A., 8cc. Illustrated, as. 

*** Orders and Stvi.es of Architecture, in One Vol., ss. 6d. 
l8. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. ByE.L.GARBETT, Architect. Illustrated. as.6d. 
•»* The three preceding Works, in One handsome Vol., half hound, entitled 
• “ Modern Architecture,” price 6s. 

THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, JMaterials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Doeson, 2s.t 

23, BRICKS AND TILES, Rudimentaiy Treatise on the Manufac- 
ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
Dobson, M.R.I.B. A. With Additions by C. Tomlinson, F.R.S. Illustrated, 3S.< 
25. MASONRY AND STONECUTTING, Rudimentary Treatise 


ffl 


'hi. 




on ; in which the Principles of Masonic Projection and their api)lication to 
the Construction of Curved Wing- Walls, Domes, Oblique Brid|^s, and 
Roman and Gothic Vaulting, are concisely explained. By Edward Dobson, 
I M.R.T.B.A., &c. Illustrated with Plates and Diagrams. 2 s. 6d.2 

FOUNDATIONS AND CONCRETE jPTO/^AT.S', a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B. A., &c. Fourth Edition, revised by 
George Dodd, C.E. Illustrated, is. 6d. 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations. ■ is. 6d. 

4 $. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c. By G. R. Burnell, C.E. Eleventh Edition, is. fid. 
57. WARMING AND VENTILATION, a Rudimentary Treatise 

on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charles Tomlinson, F.R.S., &c. Illustrated. 38. 

83**. CONSTRUCTION OF DOOR LOCKS. CompUed from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charlbs Tom- 
linson, F.R.S. To which is added, a Description of Fcnl^’s Patent Locks, 
and a Note upon Iron Safes by Robert Mj9.LBT, M.I.C.E. Ulus. ss. fid. 
III. ARCHES, PIERS, BUTTRESSES, ^c.: Experiment^ Essays 
on the Principles of Construction in ; made with a view to their being utelu 
to the Practical Builder. By William Bland. Illustrated, is. fid. 

mgr The i indicates that these vols. may belusd strongly bound at 6d. extra, 
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Architecture, Building, etc., continued, 

' Ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of tho’Architect and. 
Builder. By T. Roger Smiim, M.k.I.B.A., Architect. Illustrated, is. 6d. 
124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS-- THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 55. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 

of Beauty in ; with an Historical View of the Rise and Progress of tho Art in 
Greece. By the Eart. of Aberdeen, is. 

%• The two preceding Works in One handsome Voi,, half bound, entiiled “Ancient 
Architecturi pnee 6s. 

16, 17, 18, 128, and 130, in One Vol., entitled “ Ancient and Modern Arckitbc> 

TORE,” half bound, i2j. 

132. D WELLING-HO USES, a Rudimentary Treatise on the Erection 
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates, as. 6d.t 
156. QUANTITIES AND MEASUREMENTS, How to Calculate and 

Take them in Bricklayers’, Masons*, Plasterers*, Plumbers’, Painters’, Paper- 
hangers’, Gilders’, Smiths’, .Carpenters’, and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition, lllus. is. 6d. 

175. LOCKWOOD 6- CO:S BUILDER'S AND CONTRACTOR'S 

PRICE BOOK, for 188I) containing the latest Prices of all kinds of Builders* 
Materials and Labour, and of all Irades connected with Building : JJsts of 
the Members of the Metropolitan Board of Woiks, of Districts, District 
OflBcers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND JOINER V—TiiE Elementary Prin- 
ciples of CARPEN'rRY. Chiefly composed from the Standard Work ot 
Thomas Tredgold, C.E. With Additions from tho Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by £. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.i 

i82*. carpentry and JOINERY. ATLAS of 35 Plates to 

accompany the foregoing book. With Descriptive Letterpress. 4to. 6s.; 
cloth boards, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 

WICK. New, Revised, and enlarged Edition. By G. Huskisson Guillaumk, 
Architect. With numerous Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice o£ 
Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, 8cc., 8tc. With 9 Coloured Plates oi 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. * Third Edition, carefully revised. 5s. cloth limp ; 6s. cloth 
boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting 1 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING, A Text-Book to the Practice of the Art or Craft of 

the Plumber, With Chapters upon House Drainage, embodying the latest 
Improvements. Second Edition, enlarged. Containing 300 Illustrations. 
By W. P. Buchan, Sanitary Engineer. 3s. 6d.t 

’ The t indicates that these vols, may be had strongly bound at 6d. extm, 

7, stationers’ hall court, LUDGATE HILL, E.C, 
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Architecture, Building, etc., continued, 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER’S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Grandy. 
Second Edition, Revised, is.t 

205. THE ART OF LETTER PAINTING MADE EASY. By 

T. G. Badbnoch. Illustrated with 12 full-page Engravings of Examples, is. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Resioraiion. With the Theory of Domes and the Groat I^ramid, 
8tc. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. Second Edition, 
enlarged, 4s. 6d.t 

CIVIL ENGINEERING, ETC. 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 

IncludiM a Treatise on Hydraulic Engineering by Geo. R. Burnell, 
M.Inst.C^.£. Sixth Edition, revised, with Large Addiiions on Recent 
Practice in Civil Engineering, by D. Kinnbar Clark, M.In.st. C.E.; 
Author of “ Tramways : Their Construction,” 8cc. 6s. 6d,, Cloth boards, 7s. 6d. 

29. THE DRAINAGE OF DISTRICTS AND ZANDS. By G. 

Drysdalk Dempsey, C.E. [New Edition in preparation. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdale Dempsey, C.E. {New Edition in preparation. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. ^ John 

George Swindell, A.R.I.B. A. NewEdition.byG.R. Burnell, C.E. is.bd. 

35. THE BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoyne, Bart., K.C.B. Illustrated, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E, New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chaitaway. 4s. 

8o*. EMBANKING LANDS FROM THE SEA, the Practice of. 

Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual EmbanRments, &c. By J. Wiggins, F.G.S. as. 

81. WATER WORKS, for the Supply of Cities and Towns. With 

a Description of the Principal Geological Formations of England as in- 
fluencing Suimlies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Eefition. 4s.:t 

1 17. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated, as. 6d.2 

1 18. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., 8cc. Plates and Diagrams. 3s. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts; I. The Art of Constructing Common Roads, by Henry 
Law, C.E., revised and condensed by D. Kinnear Clark, C.F.. ; 11. Recbn r 
Practice, including pavements of Stone, Wood, and Asphalte. Second 
Edition, revised, by D. K. Clark, M.I.C.E. 4s. 6 ii.t 

203. SANlfAR Y WORK IN THE SMALLER TOWNS AND IN 

VILLAGES. Comprising: — 1. Some of the more Common Forms ol 
Nuisance and their Remcaics; 2, Drainage; 3. Water Supply, A useful 
book for Members of Local Boards and Rural Sanitary Authorities, Health 
Officers, Engineers, Surveyors, &c. By Charles Slagg, AJ.C.E. as. 6d.J: 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. 6d.t {Justpuhlisked. 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dodson, Assoc. Inst. C.E. 4s. 6d.t 
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Hoa «i the Btottitury A^dplet of fho Scionca. «iid,^r 
^ toKi^ co^f^. coMjpiw «i«SSlr% 

JAMBS FbaxBi^ooI of Naval Ardutecb^ H^. Bod^atdf Borliauntiiu 

S 3 *. ’i^S^R‘’o^}rA^DRTF£R SSlitfcB, SleriieBtaty 

and Practical Principle* of tho Constm^on of. By HaMoM A, Soiimbb- 
nttDT, Surveyor of the Ro]^ Norweriau Navy, wiflj as Appeadta. is. 6(1 

530*. AN ATLAS OF ENGRA VINOS to Ilhslrate the abore* Twelve 

S4. l^TIN^.^^'STt^^/^’A^^JtlOeJNG OF SSIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blnckaj^Chiln, 
Wire, and Hemp Ropes, &c., relative to evenr class of vessels, with an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robbbt 
Kipping, N.A. Fourteenth Edition. Illustrated, as.j 
IRON SUmJBUILDING. With l^actical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Gbantbak, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 

AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
** Warrior,” ” Hercules,^* ” Bellerophon ; ” H.M. Troop Ship '*Sorapis,” 
Iron Floating Dock, &c., ftc. 4t^ boards. 38s. 

5<. THE SAlLOR^S SEA BOOK: a Rudimentaiy Treatise on 
Navigation. Part I. How to Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By Jambs Obxbnwoo^ BA.. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing; the International (Commercial) Code of Signals; tiie Rule of the 
Road at Sea; Rocket and Mortar Apparatus for Saving Life; the Law of 
Storms : and a Bnef Dictionary of Sea lerms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. By W. H. Rosser, ss. 6d.l . 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 

on. Together with Practical Remarks on the Screw and Propellmg Power, 

S \ used in the Royal and Merchant Navy. By Robert Murray, C.E., 
ngineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Sevens 
Edition, revised and enlarged. Illustrated. 3s.r 

83Wr. TNE FORMS OF SNIPS AND BOATS; Hints, Experiment. 

ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, revised, with numerous Illustrations and Models.xs.^ 

9$. NAVIGATION AND NAUTICAL ASTRONOMY, in Theoiy 

and Practice. With Attenmts to facilitate the Finding of the Time and the 
l.pngitude at Sea. By J. R. Young, formerly Professor of Ma^ematics b 
Belfast College. Illustrated, ss. 6d. 

100*. TABLES intended to facilitate the Operations of Naviration and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R> 
Young, is. 6d. 

SNIPS^ ANCHORS,^.Txt»lC\%tm. By G. Cotsell, N. A. is.6d. 
SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sixes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c.. 6cc. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kxvping, NA., 
Sailmaker, Quayside, Newcastle. Illustrated, as. 6d.;t 

THE ENGINEERS GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. McCarthy, late of the Ordnance Survey OfSce, Sonthamptini. 3s. 

^ Consisting of Th< “ 
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PRACTICAL NAVIGATION. 


The Saihw's 


Sea-Book. By Tames Greenwood and W. H. Rosser. Together wHil 
the requisite Mauiematical and Nautical Tablet for the WorlniMr of the 
Proiblems. By Henry Law, C.E., and J. R. Young, fotm^PiVRStor^ 
Mathematits In Belfast College. Illustrated with anmeirous wood EngghV* 
bgs and Coloured Plates. 7s. Stronidy half^bbtind b leather^ 

aSP The i iniiemUe thhi ikeie voh. may he hmdairongy heumSeUhd. eachm. 
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kmektsttast snate. 

PHYStCAL SCmHCfE, ItA'ftmAt PSttttOi* 
SOPHY, lilta 

f • C&^MISTR y, fax the Uie of Begiimerfe. By Brblbssof OvemdS 
?0WKiSj F With tA Appeaduc on tibo Application of CIUtaiiatiY to 
A|pnculture. sb. 

i« NATURAL PHILOSOPHY^ Ihtrodticaon to the Study of; for 
^ Use of Beginners. By C. Tomlinson, Lecturer on Natn^ »nence in 
King’s College School, London. Woodcuts, is. 

44 MINERALOGY^ Rudiments of; a concise View of the Btopi^rties 

^ ^ Ramsay, Jun. Woodcuts and Steel Plates. 3S4 

o. MECHANICS^ Rudimentary Treatise on; being a concise Ex- 
position of the General Principles of Mechanical Sciencet and their Applica- 
tions. By Crarlxs Tomlinson. Illustrated, is. 6 d. 

7 ELECTkICITY ; showing the Gener^ Principles of Electncal 
Science, and fte purposes to which it has been applicMi. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabinb, C.E., F.S.A. is.^. 
GALVANISM^ Rudimentary Treatise on, and Ae General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow HarAis. New 
Edition, with considerable Additions by Robert Sabine, C.E., F.S A. is. 6d, 
8. MAGNETISM ; being a concise Exposition of the Gene^ Prin- 
ciples of Magnetical Science, and the Purposes to which it haa been applied. 

Sir W. Snow Harris, New Edition, revised and enlarged by hT M. 
Noad, Ph.D , Vice-President of the Chemical Society, Author of **A 

II* -UtiJa JaLtHiCxKJC TELEGRAPH ; its History and Progress; 

Apparatus. ByR. Sabinb, C.E., F.S.A. as. 
12. pneumatics^ for the i^e of Beginners. By Charles 
Tomlinson. Illustrated, zs 6d. 

72. MANUAL OF 2HE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S P Woodward, A.L S. Fourth Edition. With 
Appendix by Ralph Tate, A L.S , F G S. With numerous Plat«i and 300 
Woodcuts. 6s 6d. Cloth boards, 7s 6d. 

PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D Van Mokckuovbn, 
by W. H. Thornthwaitb, Ph D. Woodcuts, is. 6d. 

96. ASTRONOMY. By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on “Spectrum Analysis,” Woodcuts, zs. 6d 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embraci^ also a clear development of H) drostatics. Hydrodynamics, and 
Central l^rces. By T. Baker, C £. is. od. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
lelegraph Clerks’ Remembrancer, and Guide t* Candidates for Employ 
ment in the Telegraph Service. By R. Bond Fourth Edition, revised and 
enlarged . to which is appended, QUESTIONS on MAGNETIaM, ELEC- 
TRICITY, and PRACflCAL TELEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant bupnt, Indian Gov. Telegraphs. 38.2 

143. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 
I. On the Motions of Camphor on Water. II On the Motion of Camphor 
towards the Light. III. HistoryoftheModemTheoryofDe'it Woodcuts, xs. 

173. PHYSICAL GEOLOGY, parUy based on Major-General Port- 

lock’s “Rudiments of Geology.” By Ralph Tate, A.L.S.jItc. Woodcuts, as^ 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

PoRTi OCX’s “ Rudiments.” By Ralph Tate, A.L S« 8 ec. Woodcuts, as. 6 d, 

173 RimiMENTARY TREATISE ON Physical and 

A Historical. Partly based on Major-General Portlock’s “ Rudiments of 


174. 

183 

& 

184- 
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’ By Ralph Tate, A.L.^ , F.G.S , Ac. In One Volume. 4 ». 6A.t 
ANIMUL physics. Handbook of. By Dr. Lardner, D.C.L., 

formerly Professor of Natural Philosophy and Astronomy in Unlversi^ 
College, Lrond. With 5*0 Illustrations. In One Vol, 78. do., cloth b<miTdt. 

Sold also m Two Paris, as follovas • 

Animal Physics. By Dr. Lardner. Part I., Ctmpters L" -yII. as. 
Animal Physics. By Dr. Lardner. Part II., Chapters VIII*— 3 Cvm. 3s. 

• The % induaies ihai ihne volt, he had strongly heumd af (td, exim. 
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VTEAU'S KVDIMBMTAllV SEKIKS. 

MINING, METALLURGY, ETC. 

117. SVSTBRRANEOUS SVRyEYING, Elemental and Plactical 
Treatise oil with and wiUioat the Magnetic Needle. By Thokab Fbnwicr, 
Surveyor of Mines, and Thomas Barer, C.B. Illustrated, as. 6d.t 

133. metallurgy of copper : an Introduction to the Metlioda 

of Seddng, Mining, and Assaying Copner, and Manufoctnring its Alloys* 
By Robert H. Lamborn, Ph.D. Woodcuts, as. 6d.t 

134. METALLURGY OF SILVER AND LEAD. A Descitetiott 

of the Ores ; their Assay and Treatment, and valuable Constitnenta. By Dr. 
R. H. Lamborn. Woodcuts, as. 6d.t 

135. ELECTRO-METALLURGY ; Practically Treated. By Alex- 

ander Watt. F.R.S.S.A. 7th Edition, revised, with important additions, 
including^the Electro-Deposition of Nickel, &c. Woodcuts. 384 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, Sec. By William Morgans, as. 6 d.t 
172*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 

containing 233 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, Gs. 

176. METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, IVocesses of Manu- 
facture of Iron and Steel, &c. By H. Bausrman, E.G.S. 4th Edition. 48. 6 d .2 
180. COAL AND COAL MINING, A Rudimentaiy Treatise on. 
By Warington W. Smyth, M.A., F.R.S. Fifth Editing revised and 
enlarged. With numerous Illustrations. 38. 6d.t [Jusi ^blisked. 

195. THE MINERAL SURVEYOR, AND VALUER'S COM- 

PLETE GUIDE, vrith new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By Whliam Lintbrn, Minii^ and Civil Engineer. 3s. 6d.t 

214. SLATE AND SLATE Scioitific, 'Practical, and 

Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates, js.} 

215. THE GOLDSMITIPSJIANDBOOk, containing full Instruc- 


Physical Properties of Gold: with a New System of Mixing its Alloys f 
Solders, Enamels, &c. By Georgs £. Gee, Goldsmith and Silversmith. 
Second Editiom considerably enlarged, as.t [Just published. 

THE SILVERSMITH^ S HANDBOOK, containing fuU In- 
structions for the Alloyingand Working of Silver. By George E. Gee. _3*<^ 
220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By William Lintern, 
Mining and Civil Engineer and Surveyor, ss. us f published, 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to ' Youtig 

I Students and Amateurs in Architecture, Painting, &c. By George Pynb. as. 
40 GLASS STAINING ; or, The Art of Painting on Glass. From 
^ the German of Dr. Gessbrt. With an Appendix on The Art op Enamel- 
.. UNO, &c. ; together with The Art of Painting on Glass, hrom Uie 
^ * German of Emanuel Otto Frombbro. In One Volnmu. as. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

namerousSxai^les. By Charles Child Spencer, as. fid. ^ 

71, PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises 8c I^essons. From the Best Masters, by Charlss Child Spencer, is 61 . 
i8r. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encanstic. Misiatun^ 
Painting on Ivory, Vellum. Pottery, Enamel, Glass. 8cc. With HistoridSr 
Sketches of the Progress 01 the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Fourth Edition, revised ana enlarged. 5i.t 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged ai^ 
adaptea to the Use of the Ornamental Painter and Designer. By £tU* A 
Davidson. With two new Coloured Diagrams, 8cc, 3*4 
The t indicates that these vels. nuiy be hod strongly bound at 6d, exim, 
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WEALft’s RUDIMENTARY SERIES. 
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AGRICULTURE, GARDElSTING, ETC. 

29. THE HE AINA GE OF DISTRICTS AND LANDS. By 

G. p^MALB Dkmpsby, C.E. [Nero Edtiion in preparaiton, 

66. CL A Y LANDS LOAMY SOILS. By Prof- Donaldson, jts. 
131. MILLER'S, MERCHANT'S, AND FARMER'S READY 

RECKONER, for ascertaining at sight the valne of any quantify of Com, 
from One Bushel to One Hundred Quarters, at any given price, from £i to 
3^ per Qr. With approximate values of Millstones, Millwork, 8cc. xs. 

140. sons, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. is. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outtinbs op Modern Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. Outlines of Modern 
Farming.) By R. ScottiJBurn. Woodcuts. 2s. 6d. 

Nos. X40<x-2-5-6, in One Vol., handsomely half-bound, entitled “Outlines of 
Modern Farming.” By Robert Scott Burn. Price 128. 

177* fruit TREES, The Scientific and Profitable <i)ulture of. From 
the French of Du Brbuil. Revised by Geo. Glenny. 187 Woodcuts. 38. 6d.t 
198. SHEEP; THE HISTOR Y, STR UCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C., &c. Fourth Edition, 
considerably enlarged; with numerous fine engravings, including some 
specimens of New and Improved Breeds. 366 pp. 38. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 

prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with cultural directions for the management of them all 
the year round. By George M.F.Glenny, Author of “Floriculture,”&c. is.fid.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

nation 0/ Farm Labour: Treating of the General Work of the Farm: Fidd 
and Live Stock ; Details of Contract Work : Sj^cialities of Labour ; Econo- 
mical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Robert Scott Burn. 2s. 6d.; [Just published. 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, 8cc. By R. Scoit Burn. 2s.6d.t 
%• Nos. 207 6 f* 208 m One Vol., handsomely half ■‘bound, entitled “ Outlines of 
Landed Estates and Farm Management.” By R. Scott Burn. Price 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATOR: 

Being a Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot-Herbs, &c. ; with numerous Illus- 
trations of Grafting, Layering, Budding, Cuttings, &c.. Useful Implements, 
Houses, Pits, &c. By Samuel Wood, as.t [J^t published. 

2X0. THE TREE PRUNER : Being a Practical Manual on the 
Pruning of Fruit Trees, including also t]ieir Training and Renovation ; also 
treating of the Pruning of Shrubs, Climbers and Flowering Plants. By 
Samtuel Wood, as.t [Tnst published. 

%♦ Nos. 209 ^ One Vol., handsomely half-bound, enttiled" The Tree 

Planter, Propagator and Prunbr.” By Samuel Wood. Price 5s. 
219. THE HA Y AND STR A W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Fanners, Hay and Straw Dealers, tee., 
forming a complete Calculator and Ready- Reckoner, especially adapted to 
persons connected with Agriculture. Thira Edition. By John STBELije. as. 

222. SUBURBAN FARMING. The Laying- out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs. Poultty, 
and Pigs. By the late Prof. John Donaldson. With Additions oy 
R. Scott Burn. Second Edit ion. 38. 6d.t [y w/ publisMed, 

tSST The t indicates that these vols. may be had strongly bound at bd* esthxu 

" - I II . .1 I - | -r-Ti-i--r . nn-‘ -- - - - — wmpi < 
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WISALB^S EUDIMSNTARY SERIES. 


ARITHMETIC, GEOMETRY, MATHEMATICS, 

Etc* * 

32. MATSBMATICAL WSTTtVMBlfTS, • lyeatbe oBi lawUcb 
their Construction and the Hethods of Teetinif, Adjtutilnf, and Usine then 
are concisely Explained. By 7 . F. Hsathba. M.A.. of ue Royal Muitary 
Academy, Woolwich. Original Edition, in x vol., llliistrated. xs. 6d. 

Im ordering tkB ahovBt he careful to ** Original Edition ** (Ate, 32), to dietin- 

guish it from the Enlarged Edition tn 3 voh. (Nos. z68<9>70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 

wi^ all the Modem Improvements. Arranged for the Use of ^Imols and 
Trivate Students ; also for Practical Land Surveyors and Eng^eers. By 
T. Baker, C.E. New Edition, revised by Edward Ndobnt, C.£. Illui- 
trated with Plates and Diagrams, as.t 

READY RECKONER FOR THE ADMEASUREMENT OP 

LAND. 'Ey Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Tabl& showing the Price of Work, mm 2S. 6a. to per acre, and 
Tables for the Valuation of Land, from xs. to ;^z,oooper acre, and from one 
pole to two thousand acres in extent, &c., 8cc. xs. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementaiy Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. Mongb. To which is added, a description oi the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to &e 
Application of Descriptive Geometry to various branches of the Arts. By 
J* F. Hbatbbr, M.A. Illustrated with 14 Plates, as. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane ana Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts, as. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

S lying the various Modes of Delineating Solid Forms by Constructions on i 
ingle Plane Surface. By J. F. HBAtHBR, M.A. [In preparation* 

%* The abooe three volumes will form a Complbtb Elbmbntary Covrsb cmt ; 
Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs HADDONf 
M.A., Arithmetical Master of King’s College School, LonoOT. xs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana- 
tions of its Theoretical Principles, and numerous Exanmlesfor Practice. For 
the Use of Schools and for Self-Instruction. By J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. M. 

84*. A Kbt to the above, containing Solutions in full to the Exercises, tog 

with Comments, Explanations, and Iiwroved Processes, for the Use df 
Teachers and Unassisted Learners. By J . K. Young, zs. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 

gee. Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may bo greaUy facilitated. By W. Hipslbt. bs. 

86 . ALGEBRA, the Elements of. By James HadboN, M.A., 

Second Mathematical Master of King’s College School. With .^penduc, 
containing miscellaneous Investigations, and a Collection of Probl^s in 
various parts of Algebra, ss. 

86*. A Kby and Companion to the above Book, forming an extensive zej^itory erf 
Solved Examples and Problems in Illustration of the various Ean^ieati 
necessary in Algebraical Operations. Especially adapted for Self-lnstrac- 
tlon. By J.R. Young, xs.bd. 

88 . EUCLID, The Elements of : with many additional Propositions 
So. and Explanatory Notes : to which is prefixed, an Introductoxy Essay on 
^ Logic. By Henry Law, C.E. as.ed.t 

Sold also separately t viz, .*— • 

88 . Euclid, The First Three Books. By Hbnry Law, C.E. xi* fid. 

Eucud, Booka4, 5, 6, xx, zs. By Hbnry Law, C.E. ts. fid. 

Thet indicates that these vols.may he had sironjjjiy hound at 6d. e xtrih 
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WSALS’S RUDlMSNTA&y SXRIES. 


ArllhmetlCy Greoxnetry, MatbematlC8« etc., ecntinued, 

5to. ANALlrriCAL GEOMETRY AND CONIC SECTIONS, 

a Ru^mentaiy Treatise on. By Jams HAim, late Mathematical Master ol 
Kiim’s College School, l^ndon. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. ss.t 
91. PLANE TRIGONOMETRY, the Elements of. By James 

Hamn, formerly Mathematical Master of King^s College, Hondon. is. 6d. 

91. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Ckarlss H. Dowling, C.E. is. 

%• Or with “ The BleHunts of Plane Trigonometry** in One Volume, 2S, 6d, * 
93. MENSURATION AND MEASURING, for Students and Prac- 
tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by £. Nugent, C.E. Illustrated, xs. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Hombrsham Cox, B.A. Illustrated, xs. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of Kin8:*s College, London. Illustrated, is. 

lOI. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSB, F.R.A.S» fcc. IS. 6d. 

105, MNEMONICAL — Geometry, Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thobias 
Pbnynqton Kirkman, M.A. xs. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Sdf- 

Instruction. By Jambs Hadzkjn, M.A. Revised by Abraham Arman. 
xs. 6d. 

137. A Kby to Haduon’s Rudimentary Arithmetic. By A. Arman, xs. 6d. 

168. DR A TYING AND MEASURING INSTRUMENTS, Inclnd- 

ing— I. Instruments empWed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Aridimetical Computations. By J. F. Hbatubr, M.A^ lato of the Royal 
Military Academy, Woolwich, Author of “ Descriptive Geometry,” 8cc., &c> 
Illustrated, xs. 

169. OPTICAL INSTRUMENTS. Including (more eroecially) T^e- 

tcopes, Microscopes, and Ap^ratus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, xs. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTR^ENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employe in Astronomical (Xiserva- 
tions. By T* Y. Heather, M.A. Illustrated, xs. 6d. 

The above three volumes form an enlargement of the Authors or^nal worh. 
Mathematical Instruments: their Construction, Adjustment, Testing, and Use,** 
the Thirteenth Edition of which is on sale, price ts. 6d. {See No. 3a lis the Series.) 

MATHEMATICAL INSTRUMENTS. By J. F. Heather, 
1^. r M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
X70.J above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 

full, easy, and simple Instructions to perform all Business C^culations with 
nnexampled rapidity and accuracy. By Charles Hoars, C.E. With a 
Slide Rule in tuck of cover, as. 6a.:t 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., 8cc. ; Unequal-sided, Square-sided, Octagonal- 
Sided, Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchant^ and SurveyCniL 
Stonemasons, Architects, and others. By Richard Horton. Xhitn 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI^ 
TIBS ; with Tables of Logarithms for the more Difhctdl CompcltatioBt 
Interest, DiscOnnt, Annuities, &c. By FIpor Thoman. 41.^ 

** iiy The X indicates that these vols. may be had strongfy bound at 6d. ^Jtfrrn, 

7 , STATIOKERS’ hall COURT, LUDGATE HILL, £.C« 






MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHM- 
OLOGY, the FINE ARTS, By John Wbalb. Fifth Edition. Revited 

by Robert Hunt, F.R.S , Keeper of Mining Records. Namerous Illus- 
trations. 5s. cloth limp ; 6s cloth boards 

SO. THE LAJY OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons Ihird Edition, enlarged. 3s t 
U 2 . MANUAL OF DOMESTIC MEDICINE. By R. GOODINO, 
B.A., M D. Intended as a Family Guide in all Cases of Accident and 

112*. MAJ^^EMENT OF HEALTH. A Manual of Home and 

Personal Hygiene. By the Rev. Jambs Baird, B.A. is. 

ISO. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d* 

152. PRACTICAL HINTS FOR INVESTING MONEY. With 

an Ei^anation of the Mode of Iraasacting Business on the Stock Exdhange. 
By Francis Playford, Sworn Broker, is 6d. 
tS3. SELECTIONS fAom LOCKE'S ESSAYS ON THE 
HUMAN UNDERSTANDING. With Note, by S H. Emmem. u. 
154. GENERAL HINTS TO EMIGRANTS. Containing Notice, 
of the various Fields for Emigration. With Hints on Preparation for 
Emigratiof, Outfits, &c , &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World, as. 

ijy. THE EMIGRANTS GUIDE TO NATAL. By Robert 
Jambs Mann, F.ft.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. as. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forthe 

Guidance of OflScers Prepanng for Promotion, and especially adapted to the 
requirements of Beginners. ^ Major W. W. KNOLLYS, F.R.G.S.* Pird 
Sutherland Highlanders, &c. With Woodcuts, ^s.^ 

194. THE HOUSE manager : Bemg a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dai^ 
Management, the Table and Dessert. Cellarage of Wines, Home-brewing 
and Wtne-makingt the Boudoir ana Dressii^room, Travelling, Stablo 
Econonw, Gardening Operations, Stc. By An Old Housbkbbbbr. js. 6o.g 
194. HOUSE BOOK {The). Con^nsing :—I. The House MaraobA. 
112. By an Old Housbkbbpbr. II. Dombstic Mbdicinb. By Ralph GopnUMb 
^ M.D. HI. Manaobmbnt op Hbaltb. By Jambs Baird. In One 
112* half-bound, 6s. 


224. COACH BUILDING, A Practical TreatuCg Historical aM 

Descriptive, containing full information of the various Trades and ProCesiMS 
involvM, with Hints on the proper Keapmg of Carriagf^ ftcN WitAM 
Illustrations. By Jambs W. Bcrobss. as. 


IB^ Ike t tndieaUs that ihete twk. mayU had Htmgfy ieundM 6 d, eseBUk 
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WEAtK’S SOtJCAtlONAL AMD CLASSICAL SBRtES. I3 

EDUCATION AL AND CLASS ICAL SEBIES 

HISTORY. , 

t. England, Outlines of the History of; more especially with 

reference to the Oridn and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A.. of Her Majesty’s Public Record 
Office. 4th Edition, revised. 58. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lsvien, M.A., of Ballioi 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of s from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levien, of Ballioi College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progijess, 

from the Creation ol the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hyde 
Clarke, D.C.L. Fourth Edition, is. 6d. 

II*. Philology ! Handbook of the Comparative Philology of English, 
Ando-Saxon, Frisian, Flemish or Dutch, Low or Platt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L, 
3S. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., <s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brenan. 
X7th Edition, xs. 6d. 

49. Derivative Spelling-Book; Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotuam, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. 7th Edition, carefully corrected. 2s.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners’ Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Briet Treatise upon Modern Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and George E. Webster. 2S. 

THE SCHOOL MANAGERS* SERIES OF READING 
BOOKS, 

Adapted to the Reauirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 
of Schools. 

Introductory Primer, 3</. 

„ s. d. f. d 

First Standard . .06 Fourth Standard . . . x a 

Second „ , . o to Fifth „ . . . x 6 

Third „ . . z o Sixth „ . . . x 6 

Lessons from thb Bible. Part I. Old Testament, is. 

Lessons from tub Bible. Part II. New Testament^ to which is added 
The Geography of tub Bible, for very vpung Children. By Rev. C. 
Tho rnton Forster, zs. 2 d. Or the Two Parts in One Volume, as, 

7. -STATIONERS’ HALL COURT, LUDGATE HILL, E.C, 
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FRENCH. 

> 4 . FrAUidi Grammar. With Com{Jete and Concise Rules on the 

<>enden of French Nouns. By G. L. Strauss^ FhJD. xs. 6d. 

as* French-EngUsh BlcUonaa^. ComprUing a largt xmmber of 

New Terms used In Eiuineerine, Mining, tec. By Alfrid Elwis. xt. 6d« 
16 . English French Dictionary. By Alfsed Elwes. as. 
HM* Frencn Dictionary (as abov^. Complete, in One VoL, is. ; 
doSi boards, 38. 6d. *«* Or with the Grammar, cloth boards, 4s. 6d. 

47* French and English Phrase Book : containing Intro- 
Aactory Lessons, with'^Translationi, several Vocabularies of Worw, a Col- 
ieetbm of suitable Phrases, and Easy Familiar Dialogues, xs. 6d. 


GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse’s Theoretical and Practical Grammar, by Dr. G. L. Strauss, xs. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. zs. 

41-43. Carman Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. In Three Parts. Part I. Gcrman-French-English. 
Part 11 . English- German-French. Part HI. French-German-Englisfa. 
3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

31 c 29. Grammar (No. 39), in One Volume, cloth boards, 5s. 


ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns arc carefully noted down. By Alfred Elwbs. 
Vol. I, Italian-English-French. 2s.6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

EngUsh-French-ltalian. as. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes, Vol. 3. 

Frcnch-Italian-English. as. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 

3a. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, Sec., 
with the proper Accents and the Gender of every Noun. By Alfred Elmtes. 
4S. ; cloth boards, 5s. Or with the Grammar, cloth boards, 6s. 

tc. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwfs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 
tionary, with the Genders of each Noun. By Alfred Elwes. 

[/ff /rt/artzfMn, 


HEBREW. 

• 46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 

44. Hebrew and English Dictionary, Biblical and Rabbinical; 
containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 68. %• Or with the Grammar, 7*- 

46. English and Hebrew Dictionary. By Dr. Bress^u. js. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 
46*. the Grammar, cloth boards, las. 
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LATIN. 

Ip. Latin Grammar. Containing the Inflectiona and Elementair 

Principles of Translution and Construction. By the Rev. Thomas GooDWm, 
M.A., Head Master of the Greenwich Proprie^uy School, xs. 

20. Latln-English Dictionary. By the Rev, Thomas Goodwin* 

M.A. 2s> 

23 . Engllsh^Latln Dictionary; together with an Appjjndix of 

French and Italian Words which have their origin from the Latin. By die 
Rev. Thomas Goodwin, M.A. is. 6d. 

20,22. 14 atln Dictionary (as above). Complete in One Vol.» 6d. ; 

cloth boards, 48. 6d. %* Or with the Grammar, cloth boards, 5$. 6a. . 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Youno. xs. 6d. 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographies 

Register for the Use of Schools, by H. Young, ss. 

3. Cornelius N epos. With Notes. By H. Young, is. 

4. Virgilil Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. Rushton, M.A., and on the Georgies by H. Young, is. 6d. 

5. Virgilil Maronis .<Eneis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., lormerly Scholar 02 Brasenose 
College, Oxford. 3s. 

5 * — Part I. Books i.--vi., li, 6J. 

— Part 2. Books vii. — ^xii., 2s. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and ArsPoetica. Notesby W. Brown- 

RI60 Smith, M.A., F.R.G.S. xs. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnk, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatoiy, by the Rev. James Davies, M.A. 2s. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Leary, D.C.L. formerly Scholar of Brasenose College, Oxford. 

IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi, With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., xs. 6d. 
x6*. - Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6J. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambriage. as. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donne, M.A, 2s. 

21. Juvenalis Satirse. With Prolegomena and Notes by T, H. S, 

Escott, B.A., Lecturer on Logic at King’s College, Loudon, as. 
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GREEK. 


14. Greek Grammar, in accordance with the Principles and Philo* 

logical Researches of the most eminent Scholars of onr own day. By Hams 
Clauds Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantities. By HsMsrr R. 
Hamilton. Vol. x. Greek-English, as. fid. ; Vol, a. English-Greek, as. 
the Two Volf, in One, 4s. fid. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, fif. 


GREER CLASSICS. With Emlanatory Notes in English. 

I. Greek Delectus. Containing Extracts fiom Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, byH. Youno. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, zs. fid. 

2, 3. Xenophon’S Anabasis ; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Youno. Fart x. Books i. to iii., 
xs. Part 2. Books iv. to vii., xs. 

4. Lucian’s Select Dialogues. The Text carefully revised, with 
Grammatical and Explanatory Notes, by H. Young, xs. fid. 


5-12. Homer, The Works of. According to the Text of Barumlbin. 

With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lbary, M.A., D.C.L. 

Tub Iuad: Parti. Books i. to vi.j xs. fid. Part 3. Books xiii. to xviii,, zs. fid. 

Part 2. Books vii. to xii., xs.fid. Part 4. Books xix. to zxiv., xs. fid. 

The Odtssky: Part i. Books 1. to vi., xs. fid . Part 3. Books xiii. to xviii., is. fid. 

Part 2. Books vii. to xii., zs. fid. Part 4. Books xix. to xxiv., and 

I Hymns, as. 

13. Plato’s Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hbrmann. Edited with Notes, Critical 
and Explanatory, by the Rev, James Davies, M.A, as. 

14.17. Herodotus, The History of, chiefly after the Text of Gaisford. 

With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leary, M.A., D.C.L. 

Part I. Books i.j ii. (The Clio and Euterpe), 2s. 

Part 2. Books iii., iv. (The Thalia and Melpomene), as. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), as. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, xs. fid. 
18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorp, Notes, 
Critical and Ex pla natory, by the Rev. John Milner, B.A. as. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of DiN- 
DORF. With Notes, Critical and Explanatory, 'by W. Brownrigo Smith, 
M.A., F.R.G.S. IS. fid. 

26. Euripides : Alcestis. Chiefly from the Text of Dindorp. With 
Notes, Critical and Explanatory, by John Milner, B.A. xs. fid. 

30. .i^Eschylus : Prometheus vinctus ; The Prometheus Bound. From 
the Text of Dindori. F.dited, with English Notes, Critical and Explanatory, 
by the Rev. Jamfs Davies, M.A. is. 

32. ,iEschylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davies, M.A. is. 

40. Aristophanes: Acharnians. Chiefly from the Text of C. H, 

Weisb. With Notes, by C. S. T. Townshend, M.A. xs. fid. 

41. Thucydides; History of the Peloponnesian War. Notes by H. 

Youno. Book i. is. 

42. Xenophon’S Panegyric on Agesilaus. Notes and Intro- 

duction byLL. F. W. Tbwitt. xs.fid. , 

43. Demosthenes. The Oration on the Crown and the Philippics. 

With English Notes. By Rev. T. H. L. Lbary, D.C.L., formerly Scholar of 
Brasnnose Collei>e, Oxford, xs. fid. 
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Huviber's New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A- 5 I. InsL 
C.E., and M. Inst, M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text, Imp. 4to, 6/. 6 s. elegantly 
and substantially half-bound in morocco. 

Li's/ of Contents : — 

I. Historical Sketch of some of the Machinery.— XII. Conduits. — XIIl. Dis- 
means that have been adopted for the tribuiion of Water.— XI y. Meters, Ser- 
buppiy of Water to Cities and Towns. — vice Pipes, and House Fittings. — XV. The 
II. Water and the Foreign Matter u-sually Law and Economy of Water Works. — 
ibsociated with it.— III. Rainfall and XVI. Constant and Intermittent Supply. 
Evaporation^— IV. Springs and the water* 1 — ^XVII. Description of Plates.— Appeu- 
heanng formations of various districts. — dices, giving Tables of RaIcs of Supply, 
V. Measurement and Estimation of the Velocities, &c. &c., together with Speciii- 
Flow of Water.— VI. On the Selection of j cations of several Works illustrated, among 
the Source of Suwly.— VII. Wells.— j which will b« found ; — Aberdeen, Uideford, 
Vin Reservoirs. — I a. The Purification 1 Canterbury, Dundee, Halifax, Lambeth, 
of Water.— X. Pumps.— XI. Pumping 1 Rotherham, Dublin, and others. 

** The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humber's work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical treatises.”— 

Humberts Great Work on Bridge Constrtiction, 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations, In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, A-M. Inst. C.E., and M. Inst. 
M.E. Third Edition, with 115 Double Plates. In 2vols. imp. 4to, 
61 , 16s, 6d, half* bound in morocco. 

“ A hook— and particularly a large and costly treatise like Mr. Humber's— which 
has reached its third edition may certainly be said to have establislied its own 
reputation. ^^^Eneineering;. 

B 
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Humbet^s Modern Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, lUidge, and other Engineering Works, &c. By 
William Humuer, A-M. Inst. C.E., &c. Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Ilawkshaw C.E., F.R.S., &c., and descriptive l-«tter-press. Speci- 
fications, &c. 3/. 3J. half morocco. 

List flf ihc Plates and Diagrams. 

Victoria Station and Roof, 1 ... 13 . & .S. ' plate.s) ; I 3 ridge over the Thames, We.st 
C. R. (8 plates} ; Southport Pier (j plates); London E\'ten.sion Railway (j plates) ; Ar- 
Victoria Station and Roof, L. C. & D. and mour Plates ; Suspension bridge, Thames 
(J. W. R. (6 plates) ; Roof of Cremornc (4 plates); The Allen Engine ; Suspension 
Music Hall ; Bridge over ( 1 . N. Railw.iy ; Bridge, Avon (3 plates); Underground 
Roof of Station, Dutch Rheiii.sh Rail (2 , Railway (3 plate.s). 

“ Handsomely lithographed and printed. It will find favourwith many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works.” — Engineer. 

HUMBER’S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &c., and descriptive Letterpress, Specifications, 
&c. 3/. 3^. half morocco. 

List of the Plates and Diagrams. 

Birkenhead Docks, Low Wiitcr Basin ' Viaduct, Merthyr, Tredegar, and Aberga- 
(15 plates) ; Charing Cross Station Roof, venny Railway ; College Wood Viaduct, 
C. C. Railway (3 plates) ; Digswcll Via- Cornwall Railway; Dublin Winter Palace 
duct, G. N. Railway; Robbery Wood Roof (3 plates) ; Bridge over the Thames, 
Viaduct, G. N. Railway ; Iron Permanent L. C. and D. Railway (6 plates) ; Albert 
Way; Clydach Viaduct. Merthyr, Ire- Harbour, Greenock (4 plates), 
degar, and Abergavenny Railw.ny ; IChbw 

HUMBER’S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M*Clean, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &.C. 3/. 3 J. half morocco. 

J/tst of the Plates and Diagrams, 

Main DjiAiNAt.n, Mf.tkoi’OLis. — Bninch(? plates); Outfall Sewer, Reser- 
North Side.—liliin showing Interception voir and Outlet (4 plates); Outfall Sewer, 
of Sewers; Middle Level Sewer (2 plates' ; ) Filth Hoist; Sections of Sewers (North 
Outfall Sewer, Bridge over River Lea (3 j and .South Sides). 

plates): Outfall Sewer, Bridge over Marsh I Thames Emuankment. — Section of 
Lane, North Woolwich Railway, and Bow River Wall; Steamboat Pier, Westmin.ster 
and Barking Railway Junction ; Outfall j (2 pl.ates) ; Landing Stairs between Cha- 
Sewer, Bndge over Bow and Barking 1 ring Cross and Waterloo Bridges ; York 
Railway (3 plates^ ; Outfall Sewer, Bridge | Gate (2 plates) ; Overflow and Outlet at 
over East London Waterworks’ Feeder Savoy Street Sewer (3 plates) ; Steamboat 
(2 plates); Outfall Sewer, Reservoir (2 Pier, Waterloo Bridge (3 plates); Junc- 
plates); Outfall Sewer, Tumbling Bay tiou of Sewers, Plans and Sections ; Gullies, 
and Outlet ; Outfall Sewer, Penstocks. Plans and Sections ; Rolling Stock ; Gra- 
SouthSide.—OwtiaXl Sewer, Bermondsey , nite and Iron Forts. 

HUMBER’S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp, 410, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 

Abbey Mills Pumping Station, Main ' potamia ; Viaduct over the River Wye, 
Drainage, Metropolis (4 plates) ; Barrow Midland Railway (3 plates); St German’s 
Do^ks (5 plates) ; Manquis Viaduct, San- Viaduct, Cornwall Railway (3 plates); 
tiago and Valparaiso Railway (2 plates); Wrought-Iron Cylinder for DivingBcll ; 
Aaam*s Locomotive, St Helen’s Canal Millwall Docks (6 plates) ; Milroy’sTatent 
Railw^ (2 plates) ; Cannon Street Station Excavator, Metropolitan District Railway 
Root Channg Cross Railway (3 plates) ; (6 platen) ; Harbours, Ports, and Break- 
Road Bridge over the River Moka (2 waters (3 plates), 
plates). Telegraphic Apparatus for Meso- 
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Strains^Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formuloeand Corresponding Diagrams, 
with nnmerous Details for Practical Application, &c. By William 
Humber, A-M. Inst C.E., &c. Third Edition. With nearly 
loo Woodcuts and 3 Plates, Crown 8vo, yj. td. cloth. 

**The arrangement of the matter in tins little volume is as convenient as it well 
could be. . • • Tbe system of employing diagrams as a substitute for complex 
computations is one justly coming into great favour, and in that respect Mr. HumbePs 
volume is fully up to the times.” — Engineering. 

**The formulae are neatly expressed, and the diagrams good.” — Atkeneeum, 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M, Inst. C.E. Second Edition, with $ Plates. Royal 8vo, 5 j. cloth. 

** The student cannot find a better little book on this sub)ect than that written by 
Mr. Sheilds.” — Engineer. 

Barlow on the Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, i8j. cloth. 

*‘The best book on the subject which has yet appeared. .... We know of 
no work that so completely fulfils its mission.”— Mechanic. 

** The standard treatise upon this particular subject.”— 

Strength of Cast Iron, &c. 

A FRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, C. E. Fifth 
Edition. To which are added, Experimental Researches on the 
Strength and other Properties of Cast Iron, by E. Hodgkinson, 
F.R.S. With 9 Engravings and numerous Woodcuts. 8vo, 12s, 
cloth. HoDt;KiNsoN’s Researches, separate, price 6 s, 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14?, cloth. 

“ Undoubtedly an exceedingly useful and elaborate compilation.” — Iron, 

” Alike valuable to students and engineers in practice.” — Mining Journal, 

River Engineering, 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by ‘Induced Tidal Scour,’ with a Description of 
the Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, A.ssistant Engineer to the Dublin Port and Docks 
Board. W’ilh Illustrations. Royal 8vo. yj. 6 d, cloth, publish^. 




WORKS XN ENGINEERING, SURVEYING, ETC., 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; wth M r. 
Telford’s Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law’s Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine’s Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts, ovo, 
&f. 6^. cloth. *** Trautwine on Curves, separate, 5J, 

** The text-book on levelling in most of our engineering schools and colleges.’*— 
Efigineer, 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub- Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M. I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30J. cloth. 
“It has been regarded from the first as a text-book of the subject. . . . Mr. Clark 
has added immensely to the value of the book." — Lngimer, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell’s Treatise on Steam. By D. 
Kinnear Clark, M.I.C.E. Second Edition, i2mo, 4J. cloth. 

Civil and Hydratilic Engincerms;. 

CIVIL ENGINEERING. By Hknry Law, M. Inst. C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
Burnell, N.l.C.E. Sixth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. Kinnear Clark, 
M. Inst. C.E. l2mo, yj. 6x/., cloth. \Ju5t published, 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gashtters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2s, 6d, 

Bridge Construction in Masonry, Timber, & Iron. 
EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. I2 j. (ui, half- morocco. 

** A work of the present nature by a man of Mr, Haskoll’s experience, must prove 
invaluable. The tables of estimates considerably enhance its ^ue."— 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadijent, C, E., and Francis 
Campin, C.E. Cr. 8vo, oblong, 5J. cloth. 
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Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. Kinnear Clark, M. I. C. E., Author 
of ‘ Railway Machinery,’ &c., in one vol. 8vo, with numerous Illus- 
trations and thirteen folding Plates, iSj*. cloth. 

** All interested in tramways must refer to it, as all railway engineers have turned 
to the author’s work ‘ Railway Machineiy.’ ” — The Engineer. 

“ Mr. Clark’s book is indispensable for the students of the subject.”— 7!^ Builder, 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dorson, A. I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5 j. cloth. 

“ A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer.” —Afhencrunt. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
Goodeve, M.A., Barrister-at-Law, Author of “The Principles 
of Mechanics,” “The Elements of Mechanism,” &c. Third 
Edition. With numerous Illustrations. Crown 8vo, 6 s, cloth. 

“ Professor Goodeve has given us a treatise on the steam engine, which will bear 
comparison with anything written by Huxley or Maxwell, and we can award it no 
higher praise.” — Engineer, 

“ Mr. Goodeve’s text-book is a work of which every young engineer should pos- 
sess himscU."— -Mining journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6</. 

" If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their rarity.” — English Mechanic. 

Mechanical Engineering. 

MECHANICAI- ENGINEERING : a Practical Treatise on. 
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work- 
shop Machinery, Mechanical Manipulation, Manufacture of the 
Steam Engine, &c. By Francis Cam tin, C.E., Author of 
“ Materials and Construction,” &c. With Numerous Illustrations. 
i2mo, 3J. cloth boards. \yust published. 

Works of Consti'uction. 

MATERIALS AND CONSTRUCTION : a Theoretic^ and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By Francis Campin, C.E., Author of 
“A Practical Treatise on Mechanical Engineering, &c.” l2mo, 
p. 6 d. cloth boards. 

Iron Bridges. Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Camhn, C.E. i2mo, y. 
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Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rdEd. Imp. 8yo, &f. cloth. 

OUique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 lar^e Plates. By the late Geo. Watson 
Buck, M.I. C.E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I. C.E. ; and with the addition of Description to Dia- 
grams for Facilitatirg the Construction of Oblique Bridges, by 
W. H. Barlow, M. I. C. E. Royal 8vo, 12s. cloth. 

"The standard text book for all engineers regarding skew arches is Mr. Bu.k’s 
treatise and it would be impossible to consult a better." — Engineer. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by Samuel Hughes, C.E. Sixth Edition. 
Re-written and much Enlarged, by William Richards, C.E. 
With 72 Woodcuts. i2mo, cloth boards. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughe§. ^r. td. cloth. 

Locomotive- Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M. S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fourth Edition, greatly enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With Illustra- 
tions and Portrait of Author. Crown 8vo, 4s. 6d. cloth. 

" Mr, Reynolds has supplied a want, and has supplied it well. We can confidently 
recommend the book not only to the practical driver, but to every one who takes au 
interest in the performance of locomotive engines." — Engineer. 

The Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY : comprising a Historical Notice of the 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. Ily Michael Reynolds, Author of 
’ ** Locomotive- Engine Driving.” Crown 8vo, 4s. 6d. cloth, 

*‘ From the technical knowledge of the author it will appeal to the railway man of 
to-day more forcibly than anything written by Dr. Smiles." — English Mechanic. 

Stationary Engine DHving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds (‘‘The Engine-Drivers Friend”), Author of “Locomo- 
tive-Engine Driving,” &c. With Plates and Woodcuts, and Steel 
Portrait of James Watt. Crown 8vo, 4J. 6d. cloth. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine-Drivers. By Michael 
Reynolds. (Town 8vo, 2s. cloth. ]Just published. 
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Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in 'the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C. E. y. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. Witii 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire j Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E, With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 4s, cloth. 

** We can most heartily commend this book.** — Engineering. 

“Mr. Young’s book on ‘Fire Engines and Fire Brigades’ contains a mass of 
mformatiun, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration.’’— 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geode^ 
and Practical Astronomy. By Lieut.-Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth E'lition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, i6j. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3^. ^d. 

** Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument.**’-^£ngineer. 

“ Very handy ; a man may know that all his. day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Engineering Fieldwork. lAthtnau^c. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy 8vo, i/. 5 j“., cl. boardfi. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North-Western 
Railway. Illustrated with Folding Plates. Royal 8vo, I2j*. clotlL 
“ Many of the methods given are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts.”— 

News. 

“Win be r^rded by civil engineers as of the utmost value, and calculated to save 
much time and obviate many mistakes.’’— Guardian. 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 
Levelling, Setting-oat and in Route Surveys of Travellers by Laud 
and Sea. With Tables, Illustrations, and Records. By Lowis 
D’A. Jackson, A-M.I.C.E. Author of “Hydraulic Manual and 
Statistics,” &c. Large crown, 8vo, I2s. 6^/., cloth. 

“ Mr. Jackson has produced a valuable vade-tnecum for the surveyor. We can 
recommend this book as containing an admirable supplement to the teaching of the 
aocomplLshed surveyor.’* — A thcticeutn. 

“A general text book was wanted, and we are able to speak w'ith confidence of 
Mr. Jackson’s treatise. . . . We cannot recommend to the student who knows 

something of the mathematical principles of the subject a better course than to fortify 
hib practice in the field under a competent surveyor with a study of Mr, Jackson's 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the Building News. 

“ The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of writing, renders the book both a very 
useful one and very agreeable to read." — Builder. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising 'i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc. Inst. C.E. Crown 8vo, 3J. cloth. 

**A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he trcsL\&." -^Builder. 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of “Tramways, their Construction and Working,” 
&c., &C. With numerous Illustrations, izmo. 3^. 6cf. cloth boards. 
** The student cannot fail to profit largely by adopting this as his preliminary text- 
book.”— /rnu and Coal Trades Revie%v. 

“ Seems a model of what an elementary technical book should be.” — Academy. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of “A Treatise on the Combustion of Coal and the Prevention 
of Smoke.” By C. W. Williams, A. I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel — Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4^*. cloth boards. 

** Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combu.stion and economy of fuel to be had.” — Engineer, 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, C.E., M.I.C.E. Second Edit., revised, i2mo, 5^. cloth. 

*' A book which every borough surveyor and engineer must possess, and which will 
be of considerable service to architects, builders, and property owners generally.”— 
Builaing News 
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Sewing Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Coh- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Drquhart, Author of “Electro 
Plating: a Practical Manual;’* “Electric Light: its Production 
and Use.” With Numerous Illustrations. i2mo, 2s. 6 d, cloth 
boards. 

Field-Book for Engineers. 

THE ENGINEER’S, MINING SURVEYOR’S, and CON- 
TRACTOR’S FIELD-BOOK. By W. Davis Haskoli, C.E. 
Consisting of a Sedes of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Midtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 8o feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. 12s. cloth. 
“ The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existing all the samef—AlAe*ueum. 

“Cannot fail, from its portability and utility, to be extensively patronised by the 
engineering profession. '"--Mining Journal, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. T. S. Geaham, 
C.E., Resident Engineer, Forest of Dean Central Kmlway. With 
numerous Diagrams. l8mo, 2J. cloth. 

** As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will tod a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculatioas 
required in the engineers’ contractor’s offices.”'— 

Drawing for Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. F ourth Edition, carefully revised With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, \s, 

*' A copy of it should be kept for reference in eve^ drawing office.” — Engituering., 
“ Indispensable for teachers of engineering drawing.”— Magaxin*^ 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCH/EOLOGY, the FINE ARTS, &c. By John Wealk. 
Fifth Editioi^ revised by Robert Hunt, F.R.S., Keeper of Mining 
Records, Editor of “ Ure’s Dictionary of Arts.” i2mo, 6f. cL bds. 
** The best small technological dictionar}' in the language."— at/. 

“ The absolute accuracy of a work of tms character can only be judged of after 
extensive consultation, and from our examination it appears very correct and very 
complete.”— jourttal. 
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WORKS IN MINING, METALLURGY, ETC., 


MINING, METALLURGY, ETC. 

4 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of “A Treatise on 
Slate and Slate Quarrying.” With numerous wood engravings. 
Second Edition, revised. Cr. 8vo. I2s. 6d. cloth. 

•* Without question, the most exhaustive and the most practically u.‘-eful work we 
have seen ; the amount of information given is enormous, and it is given concisely 
and intelligibly .” — Mining JournaL 

The volume is one which no student of mineralogy should be without .” — Colliery 
Guardian. 

The author has gathered together from all available sources a vast amount of 
really useful information. As a history of the present state of mining throughout 
the world this book has a real value, and it supplies an actual want, for no such mfor- 
auttion has hitherto been brought together w'ithin such limited space.” — Ai/iemenm. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. 1 2mo, 31. (id. cloth boards. 
“Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar.” — Engineering. 

“ The work is illustrated by actual practice, and is unusually thorough and lucid. 

. . . Mr. Davies has completed his work with industry and skill.” — Builder. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON ; con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By II. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. i2mo, cloth boards, 5x. 

*' Has the merit of brevity and conciseness, as to less important points, while all 
■mterial matters are very fully and thoroughly entered into.' —‘Standard, 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
i2mo, 3J. With an Atlas of Plates, containing 235 Illustrations. 
4to, dr. Together, gs. cloth boards, 

“ Students in the Science of Mining, and Overmen, Captains, Manager!^ and 
Viewers may gain practical knowledge and useful hints by the study of Mr. 
Morgans' JAsLaw.”— Colliery Guardian. 

Mining, Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER’S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., i2mo,^. cloth. 
** Contains much valuable information given in a small compass, and which, as far 
as we have tested it, is thoroughly trustworthy.”— Aw and Coal Trades Remne. 

The above, bound with Thoman’s Tables. (See page 2a) 
Price 7 j. 6 d, cloth. 




PUBUSHED BY CROSBY LOCKWOOD & CO. if 


Coal and Coal Mining, 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Cro'wm. Fifth edition, revised and corrected. 
l2mo, with numerous Illustations, 4s. cloth boards. 

** Every po^on of the volume appears to have been prepared with much care, aad 
as an outline is given of every known coal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtless interest a very 
large number of readers ." — Mining Journal, 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct -Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Authorof“ The 
Cornish System of M ine Drainage. ” 8vo, 1 5^. cloth, [^^ust published. 


NAVAL ARCHITECTURE, NAVIGATION, ETC. 

« 

Pocket Book for Naval Architects & Shipbuilders. 

THE NAVAL ARCHITECT’S AND SHIPBUILDER’S 
POCKET BOOK OF FORMULAi, RULES, AND TABLES 
AND MARINE ENGINEER’S AND SURVEYOR’S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst 
N. A., Naval Draughtsman. With numerous Diagrams. Fcap., 
I2J. 6d.f strongly bound in leather. 

** Should be used by all who are engaged in the construction or design of vessels." 
— Eneineer. 

There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book .” — English Mechanic. 

“Mr. Mackrow has compressed an extraordinary amount of information into this 
useful volume.” — Athenantm. 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c. 2/. 2s. complete. 

“ Mr. Grantham's work is of great interest. It will, we are confident, command aa 
extensive cu*culation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based.” — Engineering. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR 
MULiE FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N.A. Second Edition, revised and enlarged. Royal 32mQ, 
leather, gilt edges, with strap, 4s. 

** A most usefm companion to all marine engineers .”— Service GawtHe. 
Scarcely anything required by a naval engineer appears to have beea for- 
gotten. 
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WORKS IN NAVAL ARCHITECTURE, ETC, 


Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2IJ. cloth. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, In Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivera, 
Tov.ns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, 12s. 6d. cloth. 
*’ A most useful and well arranged book for the aid of a student *' — Builder. 

** Of the utmost practical utility, and may be safely recommended to all students 
who aspire to become clean and expert surveyors.” — Mining Journal. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, lor. 6d. cloth boards. 

Rudimentary Navigation. 

THE SAILOR’S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James C1rj.ekwc.od, B.A. New and enlarged edition. 
By W. II. Rosser. i2mo, 3^. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 45-. cloth boards. 

Navigation {^Practically with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor’s Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, yr. strongly half bound in leather. 

WEALE’S RUDIMENTARY SERIES. 

The following books in Naval Architecture^ etc.y are published in the 
above series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N. A. Fourteenth Edition. i2mo, 2s. 6d. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By Robert 
Kipping, N.A. Illustrated. i2mo, 3 J. cloth boards. 

NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 
with Plates and Diagrams. i2mo, 4^. cloth boards. 

MARINE ENGINES, AND STEAM VESSELS. By Robert 
Murray, C.E. Seventh Edition. i2mo, 3J. 6d, cloth boards. 



PUBLISHED BY CROSBY LOCKWOOD & CO. ij 


ARCHITECTURE, BUILDING, ETC. 

Construction. — • — 

THE SCIENCE of BUILDING: An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Arcliitect. With 47 Wood Enpjavings. Demy 8vo, %s. 6d. cloth. 

** A very valuable book, which we strongly recotnmend to all students. 

“No architectural student should be without this hand-book." — A rchiteci. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Desiras for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of “TheSpiresand Towersof the Mediaeval Churches of Eng- 
land,” &c. 31 Plates, 4to, half morocco, gilt edges, \l. u. 

Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2s. half morocco. 

“ The whole of the designs bear evidence of their being the work of an artistic 
an'hitect, and they will prove very valuable and suggestive." — Building News. 

Useful Text- Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors. 
Clerks of Works, &c. By Frederick Rogers. Author of 
“Specifications for Practical Architecture,” &c. Cr. 8vo, 6s. clotli. 
“As a text-book of useful infonnation for .irthilccts. engineers, surveyors, &c., it 
would be hard to find a handier or more complete little volume.” — Standard. 

Taylor and Cresy s Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq , F.S.A., and Edward Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray’s Inn. Tl*is is 
the only book which gives on a large scale, and with the precision 
of architectural mea.surement, the principal Monuments of Ancient 
Rome in plan, elevation, and detaiL Large folio, with 130 Plates, 
half-bound, 3/. 3J. 

*#* Originally published in two volumes, folio, at 18/. i8j. 

Vitruviud A rchitecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph (iwiLT, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp, 5J. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WTCK, Architect. New Edition, revised and enlarged. By G. 
Huskisson Guillaume, Architect. i2mo, cloth boards, 4 j. 

** Will be found an acqui.rition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instrument.s.” — Architect. 

“ A large amount of information, which young architects will do well to acquire, if 
they wish to succeed in the everyday work of their profession.”— Mechanic. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By Georgs Pyne. With 14 Plates, 410, 71. 6d. boards. 
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The House-Owner's Estimator. 

THE HOUSE-OWNER*S ESTIMATOR ; or, What will it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Francis T. W. Miller, A.R.I.B.A.. 
Surveyor. Thiid Edition, carefully Revised. Crown 8vo, 3^. 6^/., 
cloth. published. 

“ In two years it will repay its cost a hundred times over ” —Field. 

“ A very handy book for those who want to know what a house will cost to build, 
alter, or English Mechanic. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught -power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E., Author of “Treatise on Steam Boilers,” &c., &c. 
Crown 8vo, 3^. 6^/. cloth. 

Civil and Ecclesiastical Btnlding. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Ri SI ORAiiON. By Sir Edmund Beckett, 
Bart., LL.l)., Q.C., F.R.A.S., Chancellor and Vicar-General 
of York. Author of “Clocks and Watches and Bells,” &c. 
Second Edition, i2mo, 5^. cloth boards. 

A book which is always amusing and nearly always instructive. Sir E. Beckett 
will be read for the raciness of his style. We aie able very cordially to recommend 
all persons to read it for themselves. The style throughout is in the highest degree 
condensed and epigrammatic."— T'/ww 

We commend the book to the thoughtful consideration of all who are interested 
in the building Builder. 

Architecture, Ancient and Moda'n. 

RUDIMENTARY ARCHITECTURE. Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi-- 
lecture, by the Eakl of Aberdeen ; the ORDERS of 
Architecture, by W. II. Leeds, Plsq ; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, I2j. 
Sold separately ^ in two vols., as follows — 

ANCIENT ARCHITECTURE. Containing Gwilt’s Vitruvius 
and Aberdeen’s Grecian Architecture. Price 6 s. half-bound. 

N.B. — This is the only edition of VITRUVIUS procurable at a 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Design, by Garbett 6 s. half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engraviijgs. 
By Ellis A. Davidson, Author of “Building Construction,” &c. 
Third Edition, carefully revised. i2mo, 6 s. cloth boards. 

*' Contains a mass of information of use to the amateur and of value to the practical 
man." — English Mechanic. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 


Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Second Edition, enlarged, with 300 illustrations, i2mo. 4s. cloth. 
“ The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house-buildin|f. ' — Z/v//. 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
lUustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. lu. ^d. 

“ In this work forty-fo.ir specifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects.” — BuiUier, 

Specifications for Practiced A rchitecUire, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modern Buildings. By 
Frederick Rogers, Architect. 8vo, 15J. cloth. 

%* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — lijctrai tfrom Preface, 

Designing, Measuring, and Valuing. 

THE STUDENT’S GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS’ WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of I^abour and Materials in the re- 
spective Trades of Bricklayer and Slaier, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. Cid, cloth. 

“ Well fulfils the promise of its title-page. Mr. Tam’s additions and revisions have 
much increased the usefulness of the work.” — Engvieering. 

Beaton’s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters* 
and Joiners* work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of “Quantities and 
Measurements.’* Second Edition. Waistcoat-pocket size. is. 6d, 

Beaton’ sBuilders’ and Surveyors’ Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A, C. Beaton, is. 6d. 



i6 WORKS IN CARPENTRY, TIMBER, ETC., 

Builders and Contractor s Price Book. 

LOCKWOOD & CO.’S BUILDER’S AND CONTRACTOR’S 
PRICE BOOK, containing the latest prices of all kinds of Builders’ 
Materials and Labour, and of all Trades connected with Buildinjj, 
&c., &c. The whole revised and edited by F. T. W. 

A . R. I . B. A. Fcap. half-bound, 4s. 


CARPENTRY, TIMBER, ETC 

Tredgold^s Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
IS added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (1 1 of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. In 
i vol., 4to, published at 2/. 2j., reduced to i/. 5^. cloth. 

*' Ought to be m every architect’s and every builder’s library, and those who 
do nut already possess it ought to avail themselves of the new Builder 

’'A work whose monumental excellence must commend it wherever skilful car- 
piiutry is concerned. The Author’s principles are rather confirmed than impaired oy 
time. The additional plates are of great intrinsic News. 

Grandy s Timber Tables. 

THE TIMBER IMPORTER’S, TIMBER MERCHANT’S, 
and BUILDER’S STANDARD GUIDE. By Richard E. 
Grandy. Comprising ; — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, &c., &c. ; 
together with Copious Information for the Retailer and Builder. 
2nd Edition. Carefully revised and corrected, i2mo, 31. (id. cloth. 
** Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and tnrows in, as a makeweight, a host of material concerning bricks, columns, 
cisterns, &c. — all that the class to whom it appeals requures.” — English Mechanic. 

Timber Freight Book. 

THE TIMBER IMPORTERS’ AND SHIPOWNERS’ 
FREIGHT BOOK ; Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker. Crown 8vo, 6 s. cloth. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 410, 31. 6 d. cloth. 

** Will save much labour and calculation to packing-case makers and those who use 
packing-cases.*’—- (rTve^. ** Invaluable labour-saving tables.”— 
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Hortofis Measurer, 

THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and 5 >tone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductiotLS for the waste in hewing the trees, 
&c. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal -sided column. By Richard Horton, 
'I'hird edition, with considerable and valuable additions, i2mo, 
strongly bound in leather, 5^, 

Hortons Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; aLo Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2nio, 2j. leather. 

Nicholson s Carpenter s Guide, 

THE CARPENTER’S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentiy. Founded on the 
late Peter Nicholson’s standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. u. cloth. 

Dowsing^ s Timber Merchant's Companion. 

THE TIMBER MERCHANT’S AND BUILDER’S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., itc. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant. Third Edition, Re- 
vised. Crown 8vo, 3^. cloth. 

'‘Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every tunber merchant and builder ought to possess it ” — Hidl Advertiser. 

Practical Timber Merchant, 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, y. 6 d, cl. 

Woodworking Mcuhincry. 

WOODWORKING MACHINERY; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 
I2J. (xi. cloth. 

“ Mr. Bale is evidently an expert on the subiect, and he has collected so much 
information that his book is all-sufficient for builders and others engaged m the con- 
version of timber.”— zirc/z/Vre/. 

“The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough mdsier of his subject.” — Bviidinz Ne^vs, 

“It should be in the office of every wood-working izQtory."— English Mechanic, 



l8 WORKS IN MECHANICS, ETC., 

MECHANICS, ETC. 

Turning. — • — 

LATHE-WORK : a Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning, By Paul. N. Has* 
LUCK. With numerous Illustrations drawn by the Author. 
Crown 8vo, 5^. cloth. VJust published. 

“ Evidently written from personal experience, and gives a large amount of just 
that sort of information which beginners at the lathe require Builder 

“ Expounds the art and myster> of the turner in an informative fashion ’ — Sudi^matt, 
Mr. Hasluck s book aviII be a boon to amateurs ’ — .Irc/ntict. 

Mechanic s Workshop Companion. 

THE OPERATIVE MECHANIC’S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN’S PRAC- 
TICAL ASSISTANT. By W. Templeton. 12th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, l2mo, ^s. bound. 

** Admirably adapted to the wants of a very large class. It has met with great 
success in the engineering workshop, as we can testify , and there are a g^eat many 
men who, m a great measure, owe their nse in life to this little work. ''•^Budding News, 

JEngineer's and Machinist’ s Assistant. 

THE ENGINEER’S, MILLWRIGHT’S, and MACHINIST’S 
PRACTICAL ASSISTANT ; compiismg a Collection of Useful 
Tables, Rules, and Data. By Wm. Templeton. i8mo, 2s. 6d, 

“A more suitable present to an apprentice to any of the mechanical trades could not 
possibly be msidc,'* -^Butldtng News 

Superficial Measurement. 

THE TRADESMAN’S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Engineers, 
Timber Merchants, Builders, &c. ByJ. Hawkings. Fcp. 3J. cl. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban. Translated from the German, 
with Notes, by Dr. Pole, F.R.S. 8vo, i6j. ()d, cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 
Fifth Edition. i2mo, 6s. cloth. 

The best work on boilers which has come under our notice Engineering, 

ITie best treatise that has ever been published on steam hoilcrs.’'— Engineer, 

Poioer in Motion. 

POWER IN MOTION: Horse Power, Toothed Wheel Gearing, 
Long and Short Driving Bands, Angular Forces, &c. By James 
Armour, C.E. With 73 Diagrams. i2mo, 3^., cloth. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By Dionysius 
Lardner, D.C.L. New Edition, Edited and considerably En- 
larged, by Benjamin Loewy, F.R. A.S., &c., post 8vo, 6j. cloth. 
*' Studiously popular .... The application of the various branches of physics to 
the mdustrial arts is carefully shown. journal. 
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MATHEMAT ICS, T ABLES, ETC. 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed iEIathematics — comprising Mechanics in general, 
Statics, D)rnamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL.D., F.R. A.S. Enlarged by Henry Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. cloth. 

** The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise in his practice. The rules are in all cases 
explained by means of examples clearly worked out.” — Builder. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
Dowling, C.E. 2nd Edit, revised and enlarged. 8vo, loj. td. cl. 

•* Their accuracy has been certified by Prof. Airy, Astronomer-RoyaL”— 

Inwood's Tables, greatly enlarged and improved, 
TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart’s Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Ratet. By William Inwood, Architect. The 21st edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c. By M. FisDOR Thoman. i2mo, &r. cloth. 

*' Those interesied in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &c., will 
find the present edition of eminent service.” — Engineering. 

Geometry for the Architect, Engineer, &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E.W. Tarn, M. A., Architect. Demy8vo, I 2 s ,6 d , c \. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instrument.s. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, ss. cloth. 

Weights, Measures, Moneys, &c. 

MEASURES, WEIGHTS, and MONEYS of all NATIONS, 
and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. Entirely New Edition, Revised and Enlarged. By 
W. S. B. Wooi.TiousE, F.R.A.S. i2mo, 2s, 6 d. cloth boards. 



WORKS IN MATHEMATICS. ETC., 


Compound Interest and A nnuities. 

THEORY of COMPOUND INTEREST and ANNUITIES; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FfeDOR Thoman, 
of the Societe Cr^it Mobilier, Paris. 3rd Edit , l2mo, 4f. 6^/. cl. 

“ A very powerful work, and the Author has a very reiiiaricable coiiuiiauci of his 
guoject.” — Professor A. de Morgan. 

Iron and Metal Trade! Calci^lator 

THE IRON AND METAL TRADES’ COMPANION: 
Being a C.alculalor containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the v’^alue of any 
goods bought or sold by weight, from is. per cwt. to ii2j. per 
cvvt., and from one farthing per lb. to u. per lb. Each Table ex- 
tends from one lb. to icx) tons. ByT. Down ie. 396 pp,, pj., leather. 

A most useful set of tables, and will supply a want, for nothing like them before 
existed.” — Building Neivs. 

Iron and Steel, 

‘IRON AND STEEL’: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
A’c. By Charles if OAR E, Author 0/ ‘The Slide Rule,’ &c. Eighth 
Edition. With folding Scales of “Foreign Measures compared 
with the English Foot,” and “fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c.” Oblong, 32mo, 6j., 
leather, elastic-band. 

For comprehensiveness the book has not its equal.'* — Iron. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being; a Series of Tables 
Upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from ilb. to 15 tons, at 3CX) Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By HEiSRy Harben, Accountant, Sheffield. New 
Edition. Royal 8vo, i/. $s., strongly half-bound. 

Comprehensive Discount Guide, 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from ij to 90 per cent., 
Tables of Discount from to 98! per cent., and Tables of Commis- 
sion, &c., from I to 10 per cent. By Henry Harben, Accountant. 
New Edition. Demy 8;o, \l, 5j., half-bound. 
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SCIENCE AND ART. 


The Construction of the Ors^ait. 

PRACTICAL ORGAN BUILDING. By W. E. Dickson, 
M. A., Precentor of Ely Cathedral. Crown 8vo, 5.9. cloth. 

“ In many re.spects the book is the best that has yet apiieated on the subject. We 
cordially recommend it.” En^li^h Methahic. 

“Any practical amateur following the instructions here gi\tii might build au 
organ to his entire satisfaction.” Lcnis Men my. 

Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gold 
i^late, Clasps, Solders, etc., etc. By Charles Renter. With 
numerous Wood Engravings. Crown 8vo, (id. cloth. 

“ The work is very practical .” — Monthly Reriew of Dental Surgery. 

“An authoritative treatise We can strongly recommend Mr. Hunter’s 

treatise to all students preparing for the profession of dentis.ry, as well as ro every 
mechanical dentist.” — Dublin yonrttal of Mcdual Science. [and Circular. 

“The best book on the subject wub which we are acquainted.”— 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3^. td. cloth. 

“A thoroughly .scientific treatise in popular language. It is evident that the 
author has mastered his subject in its scientific aspet ts."— Mary ting Advertiser. 

“ We would particularly recommend teachers of the art to place it in every pupil’s 
hands, and we feel sure its perusal will be attended with advantage.” — Brewer. 

Gold and Gold-Working. 

THE GOLD.SMITII’S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold, with a new System of Mixing its 
Alloys ; Solders, Enamels, and other useful Rules and Recipes, &c. 
By George E. Gee, Goldsmith and Silversmith. Second Edition, 
considerably enlarged. i2mo, 3J. (>d. cloth boards. 

“ The best work yet printed on its subject for a reasonable price. ’ ’—Jetveller. 
** Wc consider that the trade owes not a hitle to Mr. Gee, who has in two volume* 
compressed almost the whole of its literature, and we doubt nat that many a young 
beginner will owe a part of hi.s future .success to a diligent study of the pages which 
are peculiarly well adapted to his use .” — Clerkenwell Press. 

“ Essentially a practical manual, wdl adapted to the wants of amateurs and 
apprentices, containing trustworthy information ihat only a practical man can 
supply.” — English Mechanic. 

Silver and Silver Working. 

THE SILVERSMITH’S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, &c. By George E. Gee, 
Jeweller, &c. i2mo, y. 6d. cloth boards, 

Ine chief merit of the work is its practical character. The workers in the trade 
will ^eeaily discover its merits when they sit down to study lU'^—^Engltsh Mechanic. 

“This work forms a valuable sequel to the author’s Practical Goldtvarker, and 
supplies a want long felt in the silver trade.” — Silversmith's Trade JoumaL 
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WORKS IN SCIENCE AND ART, ETC, 


Electric Lighting, 

ELECTRIC LIGHT : Its Production and Use, embod]^g plain 
Directions for the Working of Galvanic Batteries, Electric Lam^, 
and Dynamo-Electric Machines. By J. W. Urquhart, C. E., 
Author of “ Electroplating : a Practical Handbook.” Edited by 
r. C. Were, M.I.C.E., M.S.T.E. With 94 Illustrations. 
CroviTi 8 yo, 7j. (id. cloth. 

“ It is the only work at present available, which gives a general but concise history 
of the means 'which have been adopted up to the present time in producing the 
electiic light "—1^1 ciropohtau. 

**Ait important addition to the literature of the electric light. Students of the 
subject should not fail to read it” — Collury Guardian. 

Electroplating, &c. 

ELECTROPLATING: A Practical Handbook. Ry J. \V. 
Urquhart, C.E. Crown 8vo, 5j. cloth. 

“ A large amount of tlioroughly practical information.”— Journal. 
“An excellent practical manuil.’’ — Engineering. 

“ The information given appears to be based on direct personal knowledge. . . . 
Its science is sound, and the style is always cleacr.'* ^Atheno’utn. 

“Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show him or her the way.” 
Builder. 

“The volume is without a rival in its particular sphere.” — Tfesign and Work. 

Electrotyping, &c. 

IXECTROTYPING ; a Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metals. By J. W. Urquhart, C.E. 
Cl own 8 VO, 5 ^. cloth. \yust published, 

“Will ser>e as a guide, not only to beginners in the art, but to those who still 
practise the old and imperfect methods of electrotyping ” — Iron. 

“The book throughout is entirely practical, is lucid and clear in style, and the 
minutest details arc so stated that amateurs will find no difficulty whatever in follow- 
ing them out. We have no hesitation in recommending it as a reliable work.” — 
Paper and Printing Trades Jonrnal. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers, Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, ro^ 8vo, extra 
cloth boards, and lettered, 4/. lOr. 

Field Fortification, 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, 12s, complete. 

Efye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES; their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J, 
W. Slater. Post 8vo, *is, 6 d, doth. 
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The Alkali Trade — Sulphuric Acid^ &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/ I2s. 6d, cloth. \yust published. 

This work provides (i) a Cotnpiete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers^ and for tho^e ahcady tn the field who desire to improve their 
plants or to become practically acquainted with the latest pi ocesses and developments 
of t^ trade ; (2) a Handy Volume which Manufacturers i an put into the hands of 
their Managers and Foremen as a useful Quide m their daily rounds of duty. 

Synopsis of Contents. 

Chap. I. Choice of Site and General IX. Carbonating or Finishing — X. Soda 
Plan of Works — II. Sulphuric Acid — Crystals — XI. Refined Alkali — XII. 
III. Recovery of the Nitrogen Com- Caustic Soda — XIII. Bi-caibonate of 
pounds, and Treatment of Small Pyrites Soda — XIV. Bleaching Powder — XV. 
— IV. The Salt Cake Process— V. Legis- Utilisation of Tank Waste— ■ XVI. General 
lation upon the. Noxious Vapours Ques- Remarks — Four Appendices, treating of 
tion — VI. The Hargreaves’ and Jones’ Yields, Sulphuric Acid Calculations, Ane- 
Processes — VII. The Balling Process — mometers, and Foreign Legislation upon 
VIII. Lixiviation and Salting Down — the Noxious Vapours Question. 

“ 'i^e author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language.” — Engineer. 

‘‘ This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is sexy fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical details of this trade receives the fullest attention. The book has been 
produced with £jcat completeness.”— 

“The author is not one of those clever compilers who, on short notice, will * read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which aie generally overlooked by 
even the most experienced technological authors. I'his most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its publication.” — Chemical 
Review, 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of “ Prac- 
tical Introduction to Rose’s Chemistry,” and Editor of Rose’s 
“ Treatise on Chemical Analysis.” New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, I2 j. (id. cloth. 

“We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our roulers as a 
guide, alike indispensable to die housewife as to tne pharmaceutical practitioner.'*— 
Medical Times, 

“ Essential to the analysts appointed under the new Act The most recent results 
are given, and the work is well edited and carefully written.”— iVa^TV. 
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Dr. Lardners Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
Dionysius Laruner, D*C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1200 Engravings on Wood. In 6 Double Volumes. 
Price £\ ij., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31^. 6^/. 

OPINIONS OF THE PRESS. 

“ This series besides uffording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ou^ht to be acquainted, also undertakes 
that teaching of ‘common things’ which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have uo iear that such enlightened faith will meet with disappoint- 
ment” — Times. 

"A cheap and interesting publication, alike informing and attractive. The papers 
combine .subjects of imporiance and great .scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment.” — Spectator. 

** The ‘Museum of Science and Art* is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society.” — Sir David 
Brewster in the North Btiitsk Review. 

“ Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the dur.ible interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present.” — Examiner. 

** Separate books fornud from the above^ suitable for Workmen's 
Libraries^ Science Classes, 

COMMON THINOS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, CIocIb and 
Watches, &c. 233 Illustrations, cloth gilt, 5J. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2 s, 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s, 6d, 
POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s. 6d. 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s. 
POPULAR ASTRONOMY, Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4s. 6d. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is. 6tt» 
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Dr. Lardner’s Handbooks of Natural Philosophy. 

**• The following five volumesy though each is Complete in itself and to be pur- 
chased separately ^ form A. Complete Course of Natural Phiiosophy, and are 
intet^ed for the general reader who desires to attain accurate kuo7vledge of the 
various departments of Physical Science^ without pursuing them according to the 
more profotind methods of mathematical investigation. The style is studiously 
popular. Jt has been the autkot^s aim to supply Manuals such as are required by 
the Student.^ the Engineer ^ the Artisan, and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
. rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6 s. cloth. 

“ The perspicuity of the original has been retained, and chapter.s which had 
become obsolete, have been replaced by others of more modern character. I’he 
explanations throughout are studiou.sly popular, and care has been taken to show 
the application of the various branches ol physics to the industrial arts, and to 
the practical business of life.” — Mining Journal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
r.R.A.S. With 236 Illustrations. Post 8vo, $s. cloth. 

** For those ‘ who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation/ this work is not merely in- 
tended, but well aidaLpted.**— Chemical Nenvs. 

THE HANDBOOK OF HEAT. Edited and almost entirely 

Rewritten by Benjamin Loewy, F.R.A.S., etc. 117 Illustra- 
tions. Post 8vo, 6 s. cloth. 

** The style is alwajjs clear and precise, and conveys instruction without leaving 
any cloudiness or lurking doubts behind.” — Engineering. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 

T. Olver Harding, B.A. 298 Illustrations. Post 8vo, 5.r. cloth. 

** Written by one of the ablest English scientific writers, beautifully and elaborately 
illustrated. Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 
B.A., F.C.S. With 400 Illustrations. Post 8vo, 5^. cloth. 

** The book could not have been entrusted to any one better calculated to preserve 
the terse and lucid style of Lardner, while correcting his errors and bringing up his 
work to the present state of scientific knowledge.” — Popular Science Review. 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ** Handbooks of Natural Philosophy.” hy Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In I vol., small 8vo, 550 pages, 95. 61/., cloth. 

“Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public.” — Athenceum. 

“ We can do no other than pronounce this work a most valuable mami'i] of astro- 
nomy, and we strongly recommend it to aU who wish to acquire a general— but at 
the same time correct — acquaintance with this sublime science.”- Quarterly Journal 
of Science. 

Dr. Lardnei^s Handbook of A nimal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
I-ARDNER. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, *js. 6d. 

** We have no hesitation in cordially recommending ii,"^Educational Times, 
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Dr. Lardncrs School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition, i vol. y. (id. cloth. 

** Conveys, in clear and precise terms, general notions of all the principal divisions 
of Physical Science.” — British Qitarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 

With Illustrations. Second Edition, i vol. 3J. (id. cloth. 

**Qearly written, well arranged, and excellently illustrated.”— 

Dr. Lardner' s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2.s. 6 d. cloth. 

“One of the most readable books extant on the Electric Telegraph.” — Eng. Mechanic. 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto- Electricity, and 
the Electric Tele^ph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 4J. cloth. 

“ The accounts given of electricity and galvanism are not only complete in a scientific 
sense, but, which u> a rarer thing, are popular and interesting.” — Lancet. 

Text-Book of Electricity. 

THE STUDENT’S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. II. Preece, M.I.C.E., Vice-President of the Society of 
Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo, 
I2J. (id. cloth. 

“A reflex of the existing state of Electrical Science adapted for students.”— 
W. H. Preece, Esq., vide “ Introduction ” 

“We can recommend Dr. Noad’s book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
Iiensable.” — A then / nin. 

“ An admirable text-bool: for every student — beginner or advanced — of electricity.” 
—Engineering. 

“ Recommended to students as one of the best text-books on the subject that they 
can have. Mr.Preece appears to have introduced all the newest inventions in the shape 
of telegraphic, telephonic, and electric-lighting apparatus.” — Enc:lish Mechanic. 
“The work contains everything that the student can require,” — Academy. 

“ One of the best and most useful compeudiunis of any branch of science in our 
literature.” — Iron. 

“ Under the editorial hand of Mr. Preece the late Dr. Noad’s text-book of elec- 
tricity has grown into an admirable handbook.” — Westminster Review. 

Carriage Building, &c, 

COACH BUILDING : a Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper Keeping of Carriages, 
&c. With 57 Illustrations. By Ja.mes W. Burgess. i2mo, 3J, 
cloth boards. published. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genwis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vaux. Fcap. 8vo, 5^. cloth. 

“ A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God’s Works against Goa’s Word. 
No real difficulty is shirked, and no sophistry is left unexposed.”— TAr Rock. 
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Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on — i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J. R. Young. Fcap. $s, cl. 

Geology. 

A CLASS-BOOK OF GEOLOGY: Conbisting of “Physical 
(ieology,” which sets forth the Leading Principles of the Science ; 
and “Historical Geology,’* which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8vo, 5.0. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5 j. cl. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G. S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, yj. 6^. cloth. 

Clocks, Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth edition, revised and en- 
larged. Limpcloth (No. 67, Weale*s Series), 4^.6^/.; cloth bds. 51.61/. 
'* As a popular and practical treatise it is unapproached.”— English Mechanic, 
‘*The best work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. " — Engifieering. 

“The only modem treatise on clock-making ." — Horological Joiirtial, 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Colourc^d Diagrams 
and Engravings. i2mo, 3J. td. cloth. 

“ The book is a most useful risuni^ of the properties of pigments.” — Builder, 

Pictures and Painters. 

THE PICTURE AMATEUR’S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting, 
Copyistsand Imitators. By Philippe Daryl, B. A. Cr. 8vo, y. 6 d. cl. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rotterdam Painting 
Institution. Illustrated with 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s, 6^. bound. 
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Delamotte's Works on Illumination & A IphabetL 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, 9^. Elegantly bound, cloth antique. 

The examples of ancient MSS. recommended to the student, which, with much 
^ood sense, the author chooses from collections accessible to all, are selected with 
Judgment and knowledge, as well as taste.*’ — Atkemtnm. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eiglith Century, with Numerals ; including Gothic, 
Church-Text, German, Italian, Arabesque, Initials, Monograms, 
Crosses, &c. Collected and engraved by F. Delamotte, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2J. 6^/. oniamcntal boards. 

“ For those who insert enamelled sentences round gilded chalices, who blaxonshop 
legends over shop-doors, who letter church walls with pithy sentences from the 
Decalogue, this book will be \xst{xd.'*'-"Athenetum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s. (id, ornamental boards. 

“ There is comprised m it every possible shape into which the letters of the alphabet 
and numerals can be foimed.” — Stoitdard, 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by T. Willis Brooks. Small 410, 6j. cloth gilt. 

THE EMBROIDERER’S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong roy^ 8vo, is. 6d, in ornamental boards. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateure; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2 j. (id, 

** The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ‘ A Lady’s ’ publication.” — Atheneeum. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged With Frontispiece and Vignette. In small 8vo, 6s. cloth. 

\* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensin;>ton, 

** Contams a large amount of original matter, agreeably convty td.” —Builder, 

** Much may be learned, even by those who fancy they do not require to be taught, 
from the careful perusal of this unpretending but comprehensive treatise. rt Journal, 
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AGRICULTURE, GARDENING, ETC. 

Youatt and Bunds Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER’S and CATTLE- 
BREEDER’S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. ^Arnth 244 Illustrations, i/. ix. half-bound. 

*' The standard and text-book, with the farmer and grazier.’* — Famtet^s Magazine. 

** A. treatise which will reniaui a standard work on the subject as long as British 
agriculture endures." — Matk Laiu Express. 

History, Structure, and Diseases of Sheep, 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C., &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4s. cloth. 

Prodtution of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers’ Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart. 
Numerous Illustrations. Cr. 8vo, 5J. cloth. 

“ A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time.” — Meat afid Provision Traded Review-, 

Donaldson and Burns Steburban Farndng. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modern Practice, byR. Scott Burn. With Illustrations. Second 
Edition. 1 2 mo, 4-f. cloth boards. 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Born. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town Sewage, Irrigation, &c. New Edition. 
In I vol. 1250 pp., half-bound, profusely illustrated, I2J. 

'* There is sufficient stated within the limits of this treatise to prevent a fanner 
from going far wrong in any of his operations."— 

Amateur Farming. 

THE LESSONS of MV FARM ; a Book for Amateur Agricul- 
turists, beii^ an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
Pigs, &C. By R. Scott Burn. With numerous Ulus. Fcp. 6 x. cl. 
** A complete introducuon to the whole round of fanning practice."— BuiJ,. 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Farming, the Setting-out of Farms, 
Construction of Roads and Farm Buildings, of Waste or Un- 
productive Lands, Irrigation, Drainage, &c. By R. ScoTT Burn. 
Second Edition. i2mo, 3J. cloth. 

A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates ." — fournal of Forestry. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, 3J. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn, Author of “Outlines of Modern Farming,” 
Editor of “The Complete Grazier,” &c. With Illustrations. 
Consisting of the above Two Works in One vol., 6s. half-bound. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
IJ, Kains-Jackson. i8mo, 2s. 6d. cloth. [yust published. 

“ A clearly written description of the ordinary routine of English farm-life.'' — Land. 
"A carefully written text-book of Agriculture." — Athena mn, 

A most comprehensive volume, giving amass of information." — Ajp-icuUnral 

Kitchen Gardening. lEcmomut. 

KITCHEN GARDENING MADE EASY. Showing how lo 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc. By George M. F. Glenny. 
i2mo, 2s. cloth boards. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. From 
the French of Du Breuil, revised by Geo. Glenny. i2mo, 4J. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, ^s. cloth. 
** A very good book, and one to be highly recommended as a practical guide. 
The pracucal directions are excellent" — Atheiueum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce £620 a year, by the Cultivation of Fruits 
and Vegetables ; also, How to Grow Flowers in Three Glass 
Houses, so as to realise ;^’i76 per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2s. cloth. 

" We are bound to recommend it as not only suited to die case of the amateur and 
gentleman’s gardener, but to the market grower,*'— Mngazine. 
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Gardening for Ladies. 

THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur’s Complete Guide. By Samuel Wood. Author 
of “Good Gardening,” &c. With Illustrations. Crown 8vo, 
3j. (}d, cloth. publisJied, 

Bulb Culture. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of “Good Gardening,” etc. With 
Coloured Illustrations and Wood Engravings. Cr. 8vo, ^s. 6ci. cloth* 

Tree Planting. 

TIIE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees, 
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2s. 6d. cloth* 

Tree Pruning, 

THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, also treating of the Pruning of Shrubs, Climbers, and Flower- 
ing Plants. By Samuel Wood. i2mo, 2s, 6d. cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of “ Good Gardening,” &c. Consisting 
of the above Two Works in One Vol., $s. half-bound. 

Potato Culture. 

POTATOE.S, now TO GROW AND SHOW THEM. A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, 25 , cl. 

Hudson’s Tables for Land Valuers. 

THE LAND VALUER’S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C. E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4s. 

Ewart's Land Improvers Pocket-Book. 

THE LAND IMPROVER’S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer* 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4J. 

Complete Agricultural Survey oP s Pocket-Book. 
THE lAND VALUER’S AND LAND IMPROVER’S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7 j. (id, 

** We consider Hudson's book to be the best ready-reciconer on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr* 
Ewart’s work neatly enhances the value and usefulness of the latter-mentioned . 

It is most useful as a manual for xtiwsax»,'*^North of England Famur, 
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A Complete Epitome of the Laws of this Country' 

EVERY MAN’S OWN LAWYER; a Handy-Book of the Pnn- 
ciples of Law and Equity. By A Barrister. New Edition, 
much enlarged. Corrected to the end of last Session. With 
Notes and References to -the Authorities. Crown 8vo, cloth, 
price, 6 j. %d, (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, 
MERCANTILE AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, 
COUNTY COURT LAW, GAME AND FISHERY LAWS, POOR MEN’s 
LAW, THE LAWS OF 

Bankruptcy— Bills or Exchange — Settlements— Stock ExchanckPrac- 
CONTRACTS AND AGREEMENTS — CoPY- TICK— TrADK MaRKS AND PATENTS — 

KiGHi— D ower and Divorce— Elec- Trespass, Nuisances, etc.— Transfer 
T ioNS AND Registration— Insurance or Land, etc. — Warranty — Wills 
— Libel and Slander— Mortgages— and Agreements, etc. 

Also Law for Landlord and Tenant — —Friendly Societies — Qergymen, Church- 
Master and Servant— Workmen and Ap- , wardens— Medical Practitioners, &c. — 
prenuces — Heirs, Devisees, and Lega- Bankers — Farmers — Contractors — Stock 
tecs — Husband and Wife — Executors and Share Brokers — Sportsmen and Game- 
and Trustees — Guardian and Ward — | keepci's — Farriers and Horse-Dealers— 
Married Women and Infants— Partners Auctioneers, House-Agents— Innkee(>ers, 
and Agents — Lender and Borrower — &c. — Pawnbrokers — Surveyors — Kail- 
Debtor and Creditor — Purchaser and ways and Carriers, &c., &c. 

Vendor — Companies and Associations 1 

*• No Englishman ought to be without this book.” — Engitteer. 

** What It professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non -professional readers. The book is- a handy one to have in readiness 
when some knotty point requires ready solution.” — Bell's Life. 

“ A useful and concise epitome of the law.” — La^v Magazine. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER’S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally ; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c. 
Fourth Edition, enlai^ed, by C Norris. Royal 32mo, doth, 5 .;. 
** A concise book of reference, containing a clearly- arranged list of prices for 
inventories, a practical guide to determine the value of furniture, &c,*'’-~Stamlard. 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABII-ITIF 
By Robert Squibbs, Auctioneer. Demy 8vo, xoj. 6cL cloth^ 

House Property. % 

HANDBOOK OF HOUSE PROPERTY : a Popular aiidl' if? 
tical Guide to the Purchase, Mortgage, Tenancy, and Com* 

Sale of Houses and Land ; including the Law of Dilapidati ^ 
Fixtures, &c. By E. L. Tarbuck. 2nd Edit, xamo, 3.r. (id. v 9 
We are glad to be able to recommend VlP— B uilder. d 

** The advice is thoroughly practicaL”— Z.aw Journal, 

Metrop>olitan Rating. 

METROPOLITAN RATING : a Summary of the Appehs 
heard before the Court of General Assessment Sessions at ^West- 
minster, in the years 2871-80 inclusive. Containing a large ma>«s 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramu'ays, Wharves, Public H^ses, 
&c. By Edward and A. L. Ryde. 8vo, I 2 s. 6 d. pitdlisAed, 

Amdbttiy, AgiMw, A Co., Prtnton, WhiteMats, LonSoa. 





